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ABSTRACT
This paper contrasts direct election with political appointment of regulators.  When regulators
are appointed, regulatory policy becomes bundled with other policy issues the appointing politicians
are responsible for.  Since regulatory issues are not salient for most voters, regulatory policy
outcomes reflect the preferences of party elites and special interests.  Direct election of regulators
strengthens the power of voters by ensuring the salience of regulatory issues.  Using panel data on
regulatory outcomes from U.S. states, we find evidence in favor of the idea that elected states are
more pro-consumer in their regulatory policies.
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Wkh vfrsh ri uhjxodwlrq lq prghuq hfrqrplhv lv ydvw1 Wr wklv hqg/ wkh vwdwh
kdv ghylvhg d ydulhw| ri lqvwlwxwlrqdo vwuxfwxuhv wr kdqgoh wklv wdvn1 Lw lv
uduh iru uhjxodwru| djhqflhv wr eh gluhfwo| dffrxqwdeoh wr wkh flwl}hqv zkrp
wkhlu dfwlylwlhv dhfw1 W|slfdoo|/ khdgv ri uhjxodwru| djhqflhv duh dssrlqwhg
e| srolwlfldqv/ fuhdwlqj dq lqvxodwlqj od|hu ehwzhhq flwl}hqv dqg uhjxodwruv1
Krzhyhu/ d qxpehu ri X1V1 vwdwhv kdyh lqmhfwhg d ghjuhh ri srsxolvp lqwr wkh
uhjxodwru| surfhvv e| uhtxlulqj wkdw wkh khdgv ri wkhlu lqghshqghqw uhjxodwru|
frpplvvlrqv eh gluhfwo| hohfwhg1
Krz pljkw zh h{shfw uhjxodwru| srolflhv wr glhu zkhq uhjxodwruv duh
gluhfwo| hohfwhg udwkhu wkdq dssrlqwhgB Zkloh lw pd| vhhp qdwxudo wr vxssrvh
wkdw gluhfw hohfwlrqv zrxog surgxfh pruh srsxolvw uhjxodwruv/ wkh wkhruhwlfdo
edvlv iru vxfk d eholhi lv idu iurp reylrxv1 Vlqfh wkh dssrlqwlqj srolwlfldqv
duh wkhpvhoyhv hohfwhg/ d phgldq yrwhu w|sh dqdo|vlv zrxog vxjjhvw wkdw lq
hlwkhu uhjlph wkh yrwhuv vkrxog jhw wkh w|sh ri uhjxodwru wkdw wkh pdmrulw|
ri wkhp ghvluh1 Frqvlvwhqw zlwk wklv/ h{lvwlqj hpslulfdo vwxglhv ri uhjxodwlrq
lq wkh X1V1 +h1j1 Frvwhoor +4<;7,, kdyh qrw irxqg frqylqflqj hylghqfh ri
glhuhqfhv lq srolf| rxwfrphv dfurvv wkh X1V1 vwdwhv wkdw hohfw dqg dssrlqw
wkhlu uhjxodwruv1
Wklv sdshu uhylvlwv wklv lvvxh1 Lw ehjlqv zlwk d wkhruhwlfdo dqdo|vlv ri wkh
glhuhqfh ehwzhhq hohfwlqj dqg dssrlqwlqj uhjxodwruv1 Wkh wkhru| fdswxuhv
wkh lghd wkdw zkhq uhjxodwruv duh dssrlqwhg/ uhjxodwru| srolf| ehfrphv exq0
gohg zlwk pdq| rwkhu srolf| lvvxhv1 Vlqfh yrwhuv kdyh rqo| rqh yrwh wr fdvw
dqg uhjxodwru| lvvxhv duh xqolnho| wr eh srolwlfdoo| vdolhqw/ wkh olqn ehwzhhq
uhjxodwru| srolf| dqg yrwhuv* suhihuhqfhv lv olnho| wr eh zhdn1 Gluhfwo| hohfw0
lqj uhjxodwruv/ vwuhqjwkhqv wklv olqn dqg khqfh fdq surgxfh uhjxodwruv zkr
duh pruh sur0frqvxphu14 Wklv suhglfwlrq lv whvwhg xvlqj gdwd rq hohfwulflw|
sulfhv iurp d sdqho ri X1V1 vwdwhv1 Wkh uhvxowv vxssruw wkh lghd wkdw gluhfw
hohfwlrqv surgxfh pruh sur0frqvxphu uhjxodwruv1
Wkh sdshu frqwulexwhv wr d odujh olwhudwxuh rq wkh hfrqrplfv ri uhjxodwlrq1
Wkhruhwlfdo zrun lq wklv duhd idoov lqwr wzr pdlq wudglwlrqv1 Wkh qrupdwlyh
wudglwlrq vhhnv wr surylgh jxlgdqfh wr uhjxodwruv dv wr wkh w|sh ri srolflhv
wkh| vkrxog hpsor|1 Lq wklv olwhudwxuh/ wkh whup uhjxodwlrq kdv ehfrph odujho|
v|qrq|prxv zlwk uhjxodwlrq ri qdwxudo prqrsrolhv1 Uhjxodwruv duh dvvxphg
wr fduh derxw erwk frqvxphu dqg surgxfhu vxusoxv/ zlwk wkh uhodwlyh zhljkw
4Qdyduur +4<;5, sdjhv 4590: vxjjhvwv dq dujxphqw dorqj wkhvh olqhv1
5rq hdfk ehlqj d nh| sdudphwhu1 Li wkh uhjxodwru fdq shuihfwo| revhuyh wkh
fkdudfwhulvwlfv ri wkh upv/ wkh vrfldo lghdo lv vrph nlqg ri pdujlqdo frvw
ru Udpvh| sulflqj1 Krzhyhu/ wkh pruh uhdolvwlf vlwxdwlrq lv rqh lq zklfk
lqirupdwlrq derxw frvwv lv lpshuihfw dqg wkh olwhudwxuh kdv irfxvhg rq wkh
ghvljq ri vfkhphv wkdw flufxpyhqw wkhvh lqirupdwlrq sureohpv +vhh Odrqw
dqg Wluroh +4<<6, iru d frpsuhkhqvlyh fryhudjh ri wklv olwhudwxuh,1
Wkh Fklfdjr wudglwlrq/ dv ghyhorshg e| Vwljohu +4<:4, dqg Show}pdq +4<:9,/
kdv whqghg wr wdnh d eurdghu shuvshfwlyh rq uhjxodwlrq wr lqfoxgh d zkroh
jdpxw ri jryhuqphqw dfwlylwlhv eh|rqg wkh frqfhuqv ri qdwxudo prqrsrolhv1
Lw kdv dovr sodfhg srolwlfdo hfrqrp| lvvxhv dw fhqwhu vwdjh  wkh pdlq irfxv
ehlqj wr h{sodlq wkh w|sh ri uhjxodwlrqv wkdw wkh srolwlfdo surfhvv surgxfhv1
Uhjxodwlrqv duh dvvxphg wr eh fkrvhq e| srolwlfldqv vhhnlqj wr pd{lpl}h
srolwlfdo vxssruw1 Wkh vxssruw dvvrfldwhg zlwk lpsohphqwlqj d sduwlfxodu
srolf| uhirup ghshqgv rq wkh yrwhv dqg fdpsdljq frqwulexwlrqv wkdw zloo eh
jduqhuhg iurp ehqhfldulhv dqg zlwkgudzq iurp orvhuv1 Lq wkh sxeolf xwlo0
lw| frqwh{w/ wkh uhodwlyh delolw| ri surgxfhuv dqg frqvxphuv wr gholyhu yrwhv
dqg fdpsdljq frqwulexwlrqv ghwhuplqhv wkh zhljkw srolwlfldqv dwwdfk wr wkhlu
lqwhuhvwv1 Wkh orjlf ri frqfhqwudwhg ehqhwv dqg glxvh frvwv ohdgv wr wkh
jhqhudo suhglfwlrq wkdw surgxfhuv* lqwhuhvwv zloo uhfhlyh juhdwhu frqvlghudwlrq
lq wkh ghvljq ri uhjxodwru| srolflhv15
Wkh wkhruhwlfdo dssurdfk ghyhorshg lq wklv sdshu gudzv rq erwk ri wkhvh
wudglwlrqv1 Rxu prgho lv frqvlvwhqw zlwk wkh qrupdwlyh wudglwlrq ri dvvxp0
lqj uhjxodwruv fkrrvh srolf| wr pd{lpl}h d zhljkwhg vxp ri frqvxphu dqg
surgxfhu vxusoxv/ exw hqgrjhql}hv wkh uhodwlyh zhljkwv wkh uhjxodwru xvhv16
Pruhryhu/ lw surylghv d vwduwlqj srlqw iru d qrupdwlyh dqdo|vlv ri dowhuqdwlyh
phwkrgv ri uhjxodwru vhohfwlrq1 Wklv lv wlpho|/ dv wkhuh lv pxfk ghedwh lq wkh
srolf| olwhudwxuh frqfhuqlqj wkh ghvljq ri uhjxodwru| lqvwlwxwlrqv dqg krz uhj0
xodwruv fdq eh pdgh pruh dffrxqwdeoh +vhh/ iru h{dpsoh/ Odrqw +4<<9, dqg
Edogzlq dqg Fdyh +4<<<,,1 Wkh prgho lv lq wkh vdph eurdg wudglwlrq dv wkh
Fklfdjr vxssruw pd{lpl}lqj prghov/ exw lv pxfk pruh h{solflw derxw erwk
wkh srolwlfdo surfhvv dqg wkh xqghuo|lqj hfrqrplf hqylurqphqw1 Wkh Fklfdjr
prghov ohdyh wkh lghd ri vxssruw ydjxh/ zlwk olwwoh plfur0prghoolqj ri hohf0
5Vhh Mrvnrz dqg Qroo +4<;4, dqg Edurq +4<<8, iru ryhuylhzv ri wkh olwhudwxuh rq wkh
srolwlfdo hfrqrp| ri uhjxodwlrq1
6Lq wklv uhvshfw/ lw lv vlplodu wr wkh zrun ri Edurq +4<;;,1 Kh vwxglhv d prgho lq zklfk
wkh zhljkw wkh uhjxodwru sxwv rq surgxfhu vxusoxv lv fkrvhq e| d pdmrulw| uxoh ohjlvodwxuh1
Lq frqwudvw wr rxu dqdo|vlv/ krzhyhu/ wkh uhjxodwru| suhihuhqfhv ri wkh srolwlfldqv dssrlqwlqj
wkh uhjxodwru duh dvvxphg wr eh h{rjqhrxv1
6wlrqv/ fdpsdljq frqwulexwlrqv/ hwf1 Zkloh vxfk d uhgxfhg irup dssurdfk kdv
wkh phulw ri jhqhudolw|/ lw lv ohvv xvhixo zkhq vhhnlqj jxlgdqfh dv wr wkh hhfw
ri fkdqjlqj wkh lqvwlwxwlrqdo vwuxfwxuh rq srolf| rxwfrphv1
Wkh odujh hpslulfdo olwhudwxuh rq wkh hhfwv ri uhjxodwlrq ehjlqv zlwk wkh
vhplqdo frqwulexwlrq ri Vwljohu dqg Iulhgodqg +4<95, dqg lv h{shuwo| uhylhzhg
lq Mrvnrz dqg Urvh +4<;<,1 Wkh furvv0vwdwh yduldwlrq ehwzhhq uhjxodwru|
uhjlphv lq wkh Xqlwhg Vwdwhv kdv xqghuvwdqgdeo| ehhq d ulfk whvwlqj jurxqg
iru wkh hfrqrplf hhfwv ri uhjxodwlrq1 Wkdw lqvwlwxwlrqdo yduldwlrq drughg e|
uxohv iru dssrlqwlqj frpplvvlrqv surylghv vfrsh iru hpslulfdo whvwlqj kdv qrw
hvfdshg wkh h|h ri suhylrxv uhvhdufkhuv1 D qxpehu ri vwxglhv lqfoxglqj Ehuu|
+4<:<,/ Frvwhoor +4<;7,/ Fudlq dqg PfFruplfn +4<;7,/ Kduulv dqg Qdyduur
+4<;6,/ Qdyduur +4<;5,/ dqg Sulphdx{ dqg Pdqq +4<;9,/ kdyh orrnhg dw wkh
hylghqfh iurp glhuhqw shuvshfwlyhv dqg lw lv wr wklv vwudqg ri wkh hpslul0
fdo olwhudwxuh wkdw wkh sdshu frqwulexwhv1 Vrph ri wkhvh frqwulexwlrqv kdyh
orrnhg dw udwh vhwwlqj/ zkloh rwkhuv kdyh orrnhg dw eurdghu lqglfdwruv ri krz
idyrudeoh lv wkh uhjxodwru| folpdwh zlwklq d vwdwh1 Frvwhoor +4<;7,*v uhylhz ri
wkh hylghqfh frqfoxghv wkdw Lq vxppdu|/ lw suredeo| pdnhv olwwoh glhuhqfh
wr wkh dyhudjh udwhsd|hu zkhwkhu d SXF lv hohfwhg ru dssrlqwhg1 +sdjh 437,1
Krzhyhu/ wkh gdwd dqg wlph shulrgv xvhg glhu dfurvv vwxglhv dv gr wkh vhw ri
frqwurov dqg lqvwlwxwlrqdo phdvxuhv1 Pruh zruulvrph iru frqylqflqj hpslul0
fdo whvwlqj lv wkh idfw wkdw wkh olwhudwxuh lv suhgrplqdqwo| furvv0vhfwlrqdo zlwk
sduwlfxodu uhvhdufkhuv fkrrvlqj vhohfwhg |hduv dqg dydlodeoh frqwurov wr uhsruw
wkhlu qglqjv1 Wkh pdmru frqfhuq lq wklv fdvh lv wkdw wkh ghflvlrq wr hohfw ru
dssrlqw uhjxodwruv lv vlpso| fruuhodwhg zlwk lpsruwdqw xqrevhuydeoh glhu0
hqfhv ehwzhhq vwdwhv1 \hw/ wkh X1V1 vwdwh vwuxfwxuh surylghv d qdwxudo yhklfoh
iru d sdqho gdwd dqdo|vlv zkhuh pdq| ri wkhvh frqfhuqv fdq eh plwljdwhg dqg
rxu hpslulfdo dqdo|vlv h{sorlwv wklv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq
suhvhqwv wkh wkhru|/ h{sodlqlqj zk| gluhfw hohfwlrqv duh pruh olnho| wr sur0
gxfh sur0frqvxphu uhjxodwruv wkdq dssrlqwhg uhjlphv1 Vhfwlrq  whvwv wklv
suhglfwlrq xvlqj hohfwulflw| sulfh gdwd iurp wkh X1V1 vwdwhv1 Vhfwlrq e glv0
fxvvhv wkh vljqlfdqfh ri wklv qglqj dqg vrph eurdghu lvvxhv/ zkloh vhfwlrq
D frqfoxghv1 Wkh dsshqgl{ frqwdlqv surriv ri wkh pdlq sursrvlwlrqv dv d zhoo
dv d ghwdlohg ghvfulswlrq ri wkh gdwd dqg vrxufhv wkdw zh xvh1
75W k h r u |
514 Wkh Prgho
Zh ghyhors wkh vlpsohvw srvvleoh prgho wr looxvwudwh zk| hohfwhg uhjxodwruv
duh olnho| wr eh pruh sur0frqvxphu wkdq dssrlqwhg uhjxodwruv1 Wr lqfrusr0
udwh wkh lghd ri srolf| exqgolqj/ wkhuh duh wzr lvvxhv= sxeolf vshqglqj dqg
uhjxodwlrq1 Srolflhv duh vhohfwhg e| srolf|0pdnhuv fkrvhq e| wkh yrwhuv lq hohf0
wlrqv1 Fdqglgdwhv lq wkhvh hohfwlrqv duh sxw iruzdug e| wzr srolf|0prwlydwhg
sduwlhv uhsuhvhqwlqj glhuhqw jurxsv ri yrwhuv1
51414 Wkh hfrqrplf hqylurqphqw
Wkhuh duh  flwl}hqv dqg wkuhh jrrgv> d qxphudluh jrrg +/ d uhjxodwhg jrrg %
dqg d sxeolf jrrg }1 Flwl}hqv duh hqgrzhg zlwk wkh qxphudluh zklfk fdq eh
xvhg wr surgxfh wkh rwkhu jrrgv1 Wkh uhjxodwhg jrrg lv surgxfhg e| d vlqjoh
up zklfk uhtxluhv SE% xqlwv ri wkh qxphudluh wr surgxfh % xqlwv/ zkhuh
SE lv lqfuhdvlqj dqg wzlfh frqwlqxrxvo| glhuhqwldeoh1 Wkh sxeolf jrrg lv
surgxfhg e| d frpshwlwlyh surgxfwlrq vhfwru zlwk d olqhdu whfkqrorj| zkhuh
^ xqlwv ri wkh qxphudluh duh uhtxluhg wr surgxfh rqh xqlw ri wkh sxeolf jrrg1
Flwl}hqv kdyh glhulqj wdvwhv iru wkh sxeolf jrrg1 Wkhuh duh wzr suhihu0
hqfh w|shv lqgh{hg e| & 5i uc-j zkhuh u ghqrwhv ohiw zlqj dqg - uljkw
zlqj1 D flwl}hq ri suhihuhqfh w|sh & kdv d xwlolw| ixqfwlrq +nE%nE}(&
zkhuh E dqg E(& duh lqfuhdvlqj/ wzlfh frqwlqxrxvo| glhuhqwldeoh dqg
vwulfwo| frqfdyh1 Ohiw0zlqjhuv kdyh d kljkhu pdujlqdo zloolqjqhvv wr sd| iru
sxeolf jrrgv lq wkh vhqvh wkdw } E}(u : } E}(- iru doo }  f1 Krzhyhu/
} Ef(- :^ * vr wkdw doo flwl}hqv ghvluh d srvlwlyh dprxqw ri wkh sxeolf
jrrg zkhq lw lv xqlirupo| qdqfhg1
Flwl}hqv kdyh glhuhqw frqqhfwlrqv wr wkh uhjxodwhg up1 Wkhuh duh djdlq
wzr w|shv lqgh{hg e| | 5i c7j zkhuh  ghqrwhv frqvxphu dqg 7 ghqrwhv
vkduhkroghu1 Frqvxphuv* rqo| frqqhfwlrq wr wkh uhjxodwhg up lv yld wkhlu
sxufkdvhv ri lwv rxwsxw1 Vkduhkroghuv dovr rzq sduw ri wkh up/ zlwk hdfk
vkduhkroghu kroglqj dq htxdo vkduh17
Wkh iudfwlrq ri flwl}hqv ri w|sh E&c| lv ghqrwhg &
|1Z ho h w& ' &
￿ n&
7
7Wkh uroh ri vkduhkroghuv lq wkh prgho lv wr fuhdwh d jurxs zlwk dq lqwhuhvw lq kljkhu
uhqwv lq wkh uhjxodwhg lqgxvwu|1 Lq sudfwlfh/ wklv frxog htxdoo| eh rujdql}hg oderu1 Lqghhg/
Mrvnrz dqg Urvh +4<;<, hpskdvl}h wkh lpsruwdqfh ri oderu dv d ehqhfldu| ri uhjxodwlrqv
lq pdq| frqwh{wv1
8ghqrwh wkh iudfwlrq ri wkh srsxodwlrq zlwk sxeolf jrrg suhihuhqfh & dqg | '
u
| n -
| wkh iudfwlrq zlwk frqqhfwlrq wr wkh up |1 Zh dvvxph wkurxjkrxw
wkdw vkduhkroghuv duh d plqrulw| jurxs lq wkh vhqvh wkdw 7 	 4?iuc-j1
51415 Jryhuqphqw srolflhv
Wkh jryhuqphqw kdv wzr urohv= surylglqj wkh sxeolf jrrg dqg uhjxodwlqj wkh
up surgxflqj jrrg %1 Wkh sxeolf jrrg frvwv ^ dqg jryhuqphqw surylvlrq
lv qdqfhg e| d khdg wd{1 Ohw KE}c&'E}(&  ^}* ghqrwh wkh vxusoxv
wkdw d flwl}hq ri suhihuhqfh w|sh & hqmr|v zkhq } xqlwv ri wkh sxeolf jrrg
duh surylghg dqg }WE& ghqrwh klv suhihuuhg ohyho ri surylvlrq1 Rxu dvvxps0
wlrqv lpso| wkdw uljkw0zlqjhuv suhihu ohvv sxeolf vshqglqj wkdq ohiw0zlqjhuv
+}WE- 	} WEu,
Zh vxssrvh wkdw wkh uhjxodwru vhwv d sulfh R dqg wkdw wkh up lv uhtxluhg
wr phhw doo frqvxphu ghpdqg dw wklv sulfh/ vxemhfw wr lw qrw pdnlqj d orvv18
Dw sulfh Rc hdfk flwl}hq ghpdqgv %ER xqlwv ri jrrg % zkhuh %ER pd{lpl}hv
E%  R%1 Djjuhjdwh ghpdqg lv fER'%ER dqg wkh uhjxodwhg up*v
surwv duh ZER'RfERSEfER1W k hs u l f hR pxvw vdwlvi| ZER  f19 +Zh
dvvxph wkdw wkhuh h{lvwv d sulfh R vxfk wkdw ZER : f1,
Ohwwlqj oERc| ghqrwh wkh vxusoxv wkdw d flwl}hq ri w|sh | jhwv iurp wkh
uhjxodwhg sulfh R/w k h qoERc'E%ER  R%ER dqg oERc7'oERcn
￿
￿￿7ZER1 D frqvxphu*v sd|r lv klv frqvxphu vxusoxv/ zkloh d vkduhkroghu*v
sd|r lqfoxghv klv vkduh ri wkh up*v surwv1 Ohw RWE| ghqrwh wkh rswlpdo
sulfh iurp wkh shuvshfwlyh ri d w|sh |> l1h1/ wkdw zklfk pd{lpl}hv oERc|
vxemhfw wr wkh frqvwudlqw ri qrq0qhjdwlyh surwv1 Wkh rswlpdo frqvxphu
sulfh lv wkh orzhvw sulfh dw zklfk wkh uhjxodwhg up grhv qrw pdnh d orvv/
8 Lq wkh fdvh ri hohfwulflw|/ glvfxvvhg ehorz/ wkh dvvxpswlrq ri d sulfh vhwwlqj uhjxodwru
vhhpv d uhdvrqdeoh dssur{lpdwlrq/ dowkrxjk wklqjv duh pruh frpsolfdwhg wkdq wklv lq
sudfwlfh1 Dv Mrvnrz +4<:7, revhuyhv Wkh vwdwxwhv hvwdeolvklqj prvw uhjxodwru| djhqflhv
duh xvxdoo| txrwh ydjxh1 Uhjxodwru| djhqflhv duh qrupdoo| pdqgdwhg wr lqvxuh wkdw
udwhv fkdujhg e| uhjxodwhg upv duh uhdvrqdeoh dqg qrq0glvfulplqdwru| dqg wkdw vhuylfh
ri wkh jrrg txdolw| lv pdlqwdlqhg1 sdjh 5<9 +hpskdvlv ruljlqdo,1 Lq sudfwlfh udwhv
vkrxog eh vhw wr doorz vwrfnkroghuv d idlu udwh ri uhwxuq1 Krzhyhu/ Mrvnrz +4<:7, qrwhv
wkdw Frqwudu| wr wkh srsxodu ylhz/ lw grhv qrw dsshdu wkdw uhjxodwru| djhqflhv kdyh ehhq
frqfhuqhg zlwk uhjxodwlqj uhwxuqv shu vh1 Wkh sulpdu| frqfhuq ri uhjxodwru| frpplvvlrqv
kdv ehhq wr nhhs qrplqdo sulfhv iurp lqfuhdvlqj1 sdjh 5<; +hpskdvlv ruljlqdo,1
9Zh vhw dvlgh wkh srvvlelolw| wkdw wkh uhjxodwru pd| kdyh lpshuihfw lqirupdwlrq derxw
wkh up*v surw ixqfwlrq dv fryhuhg e| Odrqw dqg Wluroh +4<<6,1 Zkloh lw zrxog eh
srvvleoh wr h{whqg wkh prgho lq wklv gluhfwlrq/ wkh vdph edvlf lghdv ghyhorshg khuh zrxog
vwloo eh lpsruwdqw ihdwxuhv ri wkh fkrlfh ehwzhhq dssrlqwlqj dqg hohfwlqj1
9lpso|lqj wkdw RWE htxdov dyhudjh frvw dw rxwsxw fERWE Wkh rswlpdo
vkduhkroghu sulfh dovr wdnhv lqwr dffrxqw wkh up*v surwv1
Wkhuh lv qr jhqhudo jxdudqwhh wkdw wkh vkduhkroghu*v rswlpdo sulfh h{fhhgv
wkh frqvxphu*v1 Wr hqvxuh d frq lfw ri lqwhuhvw/ zh dvvxph wkdw





zkhuh 0ER lv wkh sulfh hodvwlflw| ri ghpdqg1 Vlqfh RWE'
SEfERWE￿￿￿￿
fERWE￿￿￿ /w k l v
frqglwlrq lv vdwlvhg li wkh prqrsro|*v dyhudjh frvwv duh lqfuhdvlqj dw rxwsxw
ohyho fE RWE1 Li lwv dyhudjh frvwv duh ghfuhdvlqj dw fE RWE wkh frqglwlrq
uhtxluhv hlwkhu wkdw ghpdqg eh uhodwlyho| lqhodvwlf ru wkdw wkh iudfwlrq ri
vkduhkroghuv lq wkh srsxodwlrq lv vpdoo1 Xqghu wklv dvvxpswlrq/ wkh rswlpdo








Ilqdoo|/ zh dvvxph wkdw sxeolf vshqglqj lv pruh lpsruwdqw wr frqvxphuv
wkdq uhjxodwlrq lq wkh iroorzlqj vhqvh= Iru hdfk w|sh ri flwl}hq E&c|/w k hj d l q
iurp dfklhylqj wkhlu suhihuuhg ohyho ri wkh sxeolf jrrg/ jlyhq e| {KE&'
KE}WE&c&  KE}WE&c&/ h{fhhgv wkh jdlq iurp dfklhylqj wkhlu suhihuuhg
uhjxodwru| sulfh/ jlyhq e| {oE|'oERWE|c|oERWE|c|1: Wkxv/ glvdjuhh0
phqw ryhu sxeolf vshqglqj lv vkdushu wkdq wkdw ryhu uhjxodwru| srolf|1W k l v
dvvxpswlrq sod|v d nh| uroh lq wkh dqdo|vlv wr iroorz1
51416 Srolf| ghwhuplqdwlrq
Zh frpsduh wzr phwkrgv ri uhjxodwru vhohfwlrq= dssrlqwphqw dqg hohfwlrq1
Li wkh uhjxodwru lv dssrlqwhg/ wkh frppxqlw| hohfwv d jryhuqru zkrvh uroh
lv wr fkrrvh } dqg dssrlqw d uhjxodwru wr vhw R1 Li wkh uhjxodwru lv hohfwhg/
wkh frppxqlw| hohfwv d jryhuqru zkrvh vroh wdvn lv wr fkrrvh } dqg hohfwv
d uhjxodwru zkr fkrrvhv R1 Lq erwk srolf| vlwxdwlrqv/ wkh srolf| pdnhuv duh
flwl}hqv1
Fdqglgdwhv lq jxehuqdwruldo dqg uhjxodwru hohfwlrqv duh vhohfwhg e| wzr
srolwlfdo sduwlhv/ ghqrwhg  dqg 1 Hdfk sduw| lv frpsulvhg ri phpehu
:Wkh qrwdwlrq n dqg w uhihuv wr wkh rssrvlwh w|shv wr n dqg w1 Iru h{dpsoh/ n @ U
zkhq n @ O1
:flwl}hqv erxqg wrjhwkhu e| wkhlu ylhzv derxw sxeolf vshqglqj1 Wkxv/ doo
phpehuv ri Sduw|  duh ohiw0zlqjhuv dqg doo phpehuv ri Sduw|  duh uljkw0
zlqjhuv1 Erwk sduwlhv frqwdlq d pl{wxuh ri vkduhkroghuv dqg frqvxphuv/ zlwk
ba ghqrwlqj wkh iudfwlrq ri phpehuv ri Sduw| a zkr duh vkduhkroghuv1
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Wkhvh lqhtxdolwlhv lpso| wkdw Sduw|  suhihuv d frqvxphu uhjxodwru/ zkloh
Sduw|  suhihuv d vkduhkroghu1;
Li wkh uhjxodwru lv dssrlqwhg/ hdfk sduw| vhohfwv d fdqglgdwh iru wkh jxehu0
qdwruldo udfh1 Vlqfh fdqglgdwhv duh flwl}hqv/ wkh| duh fkdudfwhul}hg e| wkhlu
w|shv E&c|1 Qr h{0dqwh srolf| frpplwphqwv duh srvvleoh/ vr wkdw/ zkhq lq
r!fh/ d w|sh E&c| fdqglgdwh fkrrvhv d sxeolf jrrg ohyho }WE& dqg dssrlqwv
d uhjxodwru zkr vkduhv klv w|sh |1 Wklv uhjxodwru wkhq vhohfwv d sulfh RWE|1
Li wkh uhjxodwru lv hohfwhg/ hdfk sduw| vhohfwv wzr fdqglgdwhv= rqh iru
wkh jxehuqdwruldo udfh dqg rqh iru wkh uhjxodwru udfh1 Zkloh fdqglgdwhv duh
vwloo fkdudfwhul}hg e| wkhlu w|shv E&c|/ rqo| rqh glphqvlrq ri wkhlu w|sh lv
uhohydqw iru wkhlu srolf|0pdnlqj urohv1 Wkxv/ li hohfwhg jryhuqru/ d w|sh E&c|
fdqglgdwh fkrrvhv d sxeolf jrrg ohyho }WE& dqg/ li hohfwhg uhjxodwru/ d w|sh
E&c| fdqglgdwh fkrrvhv d sulfh RWE|1
Wkhuh duh wzr w|shv ri yrwhuv1< Di u d f w l r q> duh udwlrqdo yrwhuv zkr
dqwlflsdwh wkh srolf| rxwfrphv hdfk fdqglgdwh zrxog gholyhu dqg yrwh iru wkh
fdqglgdwh zkrvh hohfwlrq zrxog surgxfh wkhlu kljkhvw srolf| sd|r1 Wkxv/ li
;Wkh dujxphqw zrxog zrun htxdoo| zhoo xqghu wkh dvvxpswlrq wkdw Sduw| D suhihuuhg
d vkduhkroghu dqg Sduw| E df r q v x p h u 1
<Wklv nlqg ri dssurdfk lv frpprq lq wkh olwhudwxuh iroorzlqj Edurq +4<<7, dqg Jurvv0
pdq dqg Khospdq +4<<9,1
;wkh uhjxodwru lv dssrlqwhg/ d udwlrqdo yrwhu ri w|sh E&c| zkr lv idfhg zlwk
jxehuqdwruldo fdqglgdwhv ri w|shv E&￿c| ￿ dqg E&￿c| ￿ zloo yrwh iru Sduw|
*v fdqglgdwh li KE}WE&￿c&noERWE|￿c| h{fhhgv KE}WE&￿c&noERWE|￿c|1
Udwlrqdo yrwhuv lqglhuhqw ehwzhhq wzr fdqglgdwhv devwdlq1
Wkh uhpdlqlqj iudfwlrq ri yrwhuv duh qrlvh yrwhuv1 L qh d f kh o h f w l r q /d
iudfwlrq # ri wkhvh yrwh iru Sduw| *v fdqglgdwh1 Khuh/ # lv wkh uhdol}dwlrq ri
d udqgrp yduldeoh zlwk vxssruw dfco dqg fxpxodwlyh glvwulexwlrq ixqfwlrq
ME#1 Li wkh uhjxodwru lv hohfwhg/ wkhuh lv d vhsdudwh +xqfruuhodwhg, gudz ri #
iru hdfk hohfwlrq1 Wkh lghd lv wkdw qrlvh yrwhuv uhvsrqg wr qrq0srolf| uhohydqw
ihdwxuhv ri fdqglgdwhv vxfk dv wkhlu orrnv/ vhqvh ri kxpru/ hwf1 Zh dvvxph
wkdw M lv v|pphwulf vr wkdw iru doo #/ ME#'ME#1W k l vl p s o l h vw k d w
q r l v hy r w h u vd u hxqeldvhg lq wkh vhqvh wkdw wkh suredelolw| wkdw d iudfwlrq ohvv
wkdq # yrwh iru Sduw| *v fdqglgdwh htxdov wkh suredelolw| wkdw d iudfwlrq ohvv
wkdq # yrwh iru Sduw| *v fdqglgdwh1
Qrlvh yrwhuv pdnh wkh hohfwlrq rxwfrphv suredelolvwlf1 Wr looxvwudwh/ frq0
vlghu dq hohfwlrq lq zklfk wkh glhuhqfh ehwzhhq wkh iudfwlrq ri flwl}hqv
rewdlqlqj d kljkhu xwlolw| iurp wkh srolf| fkrlfhv jhqhudwhg e| Sduw| *v
fdqglgdwh dqg wkh iudfwlrq rewdlqlqj d kljkhu xwlolw| iurp Sduw| *v fdqgl0
gdwh lv /1V l q f h > lv wkh iudfwlrq ri udwlrqdo yrwhuv dqg # wkh iudfwlrq ri
qrlvh yrwhuv zkr yrwh iru Sduw| *v fdqglgdwh/ Sduw| *v fdqglgdwh zloo zlq




suredelolw| wkdw Sduw| *v fdqglgdwh zloo zlq lv wkxv E/ zkhuh E/'f
li / 
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Sduwlhv duh dvvxphg wr fruuhfwo| fdofxodwh wkh hohfwlrq suredelolwlhv dvvrfl0
dwhg zlwk glhuhqw fdqglgdwh sdluv dqg wdnh wkhp lqwr dffrxqw zkhq fkrrvlqj
fdqglgdwhv1 Zh dvvxph wkdw wkh iudfwlrq ri qrlvh yrwhuv lq wkh srsxodwlrq





> 1 Wklv dvvxpswlrq lpsolhv wkdw
Eu - 5 Efc lpso|lqj wkdw lq dq hohfwlrq ehwzhhq d ohiw0zlqjhu dqg d
uljkw0zlqjhu lq zklfk sxeolf vshqglqj zhuh wkh rqo| lvvxh/ erwk fdqglgdwhv
zrxog zlq zlwk srvlwlyh suredelolw|1
Dq| hohfwlrq jlyhv ulvh wr d jdph ehwzhhq wkh wzr sduwlhv1 Hdfk sduw|*v
vwudwhj| lv wkh w|sh ri fdqglgdwh lw vhohfwv dqg lwv vwudwhj| vhw lv wkh vhw
ri srvvleoh flwl}hq w|shv143 Hdfk sduw|*v sd|r iurp dq| vwudwhj| sdlu lv
ghwhuplqhg e| wkh suredelolw| lwv fdqglgdwh zlqv dqg lwv remhfwlyh ixqfwlrq1
43Zh gr qrw uhtxluh wkdw d sduw| pxvw vhohfw d fdqglgdwh iurp wkh udqnv ri lwv phpehuv1
Krzhyhu/ xqghu wkh dvvxpswlrqv rq suhihuhqfhv zh pdnh/ sduwlhv kdyh qr lqfhqwlyh wr
vhohfw iurp rxwvlgh wkhlu phpehuvkls lq htxloleulxp1
<Dq htxloleulxp ri wkh jdph lv d sdlu ri fdqglgdwh fkrlfhv/ rqh iru hdfk sduw|/
wkdw duh pxwxdo ehvw uhvsrqvhv1 Dq| htxloleulxp sdlu ri fdqglgdwhv jlyhv ulvh
wr d suredelolw| glvwulexwlrq ryhu rxwfrphv= wkh srolf| rxwfrph zloo eh wkdw
dvvrfldwhg zlwk Sduw| a*v fdqglgdwh zlwk d suredelolw| htxdo wr wkh fkdqfh
wkdw Sduw| a*v fdqglgdwh zlqv1
515 Dqdo|vlv
Ylhzhg h{ dqwh/ hdfk srolf| uhjlph jhqhudwhv suredelolw| glvwulexwlrqv ryhu
fdqglgdwh w|shv dqg khqfh srolf| rxwfrphv1 Rxu lqwhuhvw khuh lv lq wkh w|sh
ri uhjxodwru hdfk uhjlph jlyhv ulvh wr144 Zh uvw orrn dw wkh hohfwhg uhjlph/
dqg wkhq wxuq wr wkh pruh frpsoh{ dssrlqwhg uhjlph1
Li wkh uhjxodwru lv hohfwhg/ fdqglgdwhv* suhihuhqfhv ryhu sxeolf vshqglqj duh
lppdwhuldo1 Udwlrqdo yrwhuv yrwh rq wkh edvlv ri wkh fdqglgdwhv* uhjxodwru|
vwdqfhv dqg hdfk Sduw| kdv hhfwlyho| wzr vwudwhjlhv= vhohfwlqj d frqvxphu
ru d vkduhkroghu1 Xqghu Dvvxpswlrq 4/ iru Sduw| / vhohfwlqj d frqvxphu
vwulfwo| grplqdwhv vhohfwlqj d vkduhkroghu1 Iru Sduw| / wkh uhyhuvh lv wuxh
zkhq E￿7 	  dqg d vkduhkroghu kdv d srvlwlyh suredelolw| ri ghihdwlqj
df r q v x p h u 1
Wkxv/ li E￿  7 	 /S d u w | vhohfwv d frqvxphu/ Sduw|  vhohfwv d
vkduhkroghu dqg Sduw| *v fdqglgdwh zlqv zlwk suredelolw| E￿  71L i
E￿ 7' /S d u w | vhohfwv d frqvxphu dqg Sduw|  vhohfwv hlwkhu w|sh
ri fdqglgdwh1 Lq dq| fdvh/ d frqvxphu lv hohfwhg zlwk suredelolw| rqh1 Wkxv/
zh kdyh=
Sursrvlwlrq 4 Vxssrvh wkdw Dvvxpswlrq 4 lv vdwlvhg1 Wkhq/ li wkh uhj0
xodwru lv hohfwhg/ d sur0frqvxphu uhjxodwru zloo eh vhohfwhg zlwk suredelolw|
E￿ 7 dqg d sur0vkduhkroghu uhjxodwru zlwk suredelolw| E￿ 71
Li wkh uhjxodwru lv dssrlqwhg/ jxehuqdwruldo fdqglgdwhv* suhihuhqfhv ryhu
uhjxodwlrq dqg sxeolf vshqglqj duh uhohydqw iru wkh srolf| rxwfrphv wkh|
surgxfh1 Krzhyhu/ li Sduw|  vhohfwv d ohiw0zlqjhu dqg Sduw|  du l j k w 0
zlqjhu wkhq rxu dvvxpswlrq wkdw flwl}hqv fduh pruh derxw sxeolf vshqglqj
wkdq uhjxodwlrq/ lpsolhv wkdw doo udwlrqdo yrwhuv suhihu wkh fdqglgdwh zkr
vkduhv wkhlu sxeolf jrrg suhihuhqfhv luuhvshfwlyh ri klv vwdqfh rq uhjxodwlrq1
Wkxv/ wkhuh lv qr hohfwrudo jdlq iru hlwkhu sduw| iurp fkrrvlqj d fdqglgdwh
44Dv zh glvfxvv lq vhfwlrq 8/ iru zhoiduh frpsdulvrqv ehwzhhq wkh wzr uhjlphv lw lv dovr
qhfhvvdu| wr xqghuvwdqg wkh h{shfwhg ohyho ri sxeolf vshqglqj lq wkh wzr uhjlphv1
43zkrvh srvlwlrq rq uhjxodwlrq glhuv iurp lwv lghdo1 Sduw| *v fdqglgdwh zloo
wkhuhiruh eh d frqvxphu dqg Sduw| *v d vkduhkroghu1 Vlqfh udwlrqdo yrwhuv
yrwh dffruglqj wr wkh fdqglgdwhv* vshqglqj suhihuhqfhv/ Sduw| *v fdqglgdwh
zloo zlq zlwk suredelolw| Eu  -1
Iru wklv wr eh dq htxloleulxp/ wkh sduwlhv pxvw suhihu wr vhohfw fdqglgdwhv
zkr uh hfw wkhlu ylhzv rq sxeolf vshqglqj1 Qhlwkhu pxvw zdqw wr frpsurplvh
lq wkh sxeolf vshqglqj glphqvlrq1 Wkh idfw wkdw 7 lv vpdoohu wkdq - lpsolhv
wkdw Sduw|  kdv qr lqfhqwlyh wr gr vr/ vlqfh vxfk d frpsurplvh zrxog uhgxfh
wkh suredelolw| wkdw lw dfklhyhv lwv suhihuuhg uhjxodwru| rxwfrph dqg sxeolf
vshqglqj ohyho1 Vlqfh ￿ h{fhhgv u/S d u w | zloo suhihu d uljkw0zlqjhu li
lwv fkdqfhv ri zlqqlqj d edwwoh ryhu sxeolf vshqglqj duh vx!flhqwo| orz1 Li
Eu  - lv forvh wr }hur dqg E￿  7 forvh wr  wkhq Sduw|  zloo
fkrrvh d w|sh E-c fdqglgdwh ghvslwh wkh idfw wkdw sxeolf vshqglqj lv pruh
lpsruwdqw wr lwv phpehuv wkdq uhjxodwlrq1 Zh uxoh rxw wklv srvvlelolw| zlwk
wkh iroorzlqj dvvxpswlrq=
Dvvxpswlrq 5= Eu  -{KEu : dE￿  7  Eu  -od{oE 
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Wkh ohiw0kdqg vlgh lv wkh h{shfwhg orvv lq sxeolf vshqglqj ehqhwv iurp d
frpsurplvh rq sxeolf vshqglqj/ zkloh wkh whup rq wkh uljkw kdqg vlgh lv wkh
h{shfwhg jdlq lq whupv ri uhjxodwru| sulfh1 Wkh dvvxpswlrq lpsolhv wkdw d
frpsurplvh rq sxeolf vshqglqj lv qrw ghvludeoh iru Sduw| 1 Lw uhtxluhv wkdw
Eu  - qrw eh wrr vpdoo145
Xqghu Dvvxpswlrqv  dqg 2/S d u w | vhohfwlqj d w|sh Euc fdqglgdwh
dqg Sduw|  dw | s hE-c7 fdqglgdwh lv wkh xqltxh htxloleulxp1 Wkxv/ zh
kdyh=46
Sursrvlwlrq 5 Vxssrvh wkdw Dvvxpswlrqv 4 dqg 5 duh vdwlvhg1 Wkhq/ li wkh
uhjxodwru lv dssrlqwhg/ d sur0frqvxphu uhjxodwru zloo eh vhohfwhg zlwk suredelo0
lw| Eu- dqg d sur0vkduhkroghu uhjxodwru zlwk suredelolw| Eu-1
Frpelqlqj wkh wzr suhylrxv sursrvlwlrqv dqg uhfdoolqj wkdw u 	 ￿
|lhogv wkh iroorzlqj uhvxow1
Sursrvlwlrq 6 Vxssrvh wkdw Dvvxpswlrqv 4 dqg 5 duh vdwlvhg1 Wkhq/ d
sur0frqvxphu uhjxodwru zloo eh vhohfwhg zlwk kljkhu suredelolw| li wkh uhjxodwru
lv hohfwhg1
45Wklv dvvxpswlrq zloo ghqlwho| eh vdwlvhg li O  U1I r uw k h q#+O  U, h{fhhgv
#+F  V,  #+O  U, dqg/ e| dvvxpswlrq/ e+O, A u+F,1
46Wkh surri ri wklv dqg vxevhtxhqw uhvxowv duh lq wkh Dsshqgl{1
44Wklv sursrvlwlrq frqwdlqv wkh edvlf lqvljkw dv wr zk| hohfwlqj udwkhu wkdq
dssrlqwlqj uhjxodwruv fdq surgxfh pruh sur0frqvxphu rxwfrphv1 Li wkh uhj0
xodwru*v w|sh lv ghwhuplqhg lq d jxehuqdwruldo hohfwlrq/ uhjxodwru| srolf| lv
exqgohg zlwk rwkhu lvvxhv1 Uhjxodwru| srolf| lv xqolnho| wr eh vdolhqw iru
prvw yrwhuv dqg sur0exvlqhvv sduwlhv fdq uxq fdqglgdwhv zlwk sur0exvlqhvv
uhjxodwru| dwwlwxghv zlwkrxw sd|lqj dq hohfwrudo shqdow|1 Wkh suredelolw|
wkdw wkhvh fdqglgdwhv zlq/ uh hfwv wkhlu srsxodulw| rq wkh srolwlfdoo| vdolhqw
lvvxhv1 Wkxv/ uhjxodwru| rxwfrphv qhhg qrw uh hfw yrwhuv* suhihuhqfhv1 E|
frqwudvw/ li wkh uhjxodwru lv hohfwhg/ wkhq uhjxodwru| srolf| lv erxqg wr eh
vdolhqw1 Hohfwlrq suredelolwlhv wkhq uh hfw flwl}hqv* suhihuhqfhv ryhu wkhvh
lvvxhv1
Wkh uhvxow uhvwv rq wkuhh fulwlfdo dvvxpswlrqv1 Iluvw/ wkh uhjxodwru| lvvxh
lv qrw vdolhqw iru doo yrwhuv1 Li iru hdfk flwl}hq ri w|sh E&c|/ {KE& zhuh vpdoohu
wkdq {oE|/ udwlrqdo yrwhuv zrxog yrwh rq wkh edvlv ri d fdqglgdwh*v uhjxod0
wru| hyhq li wkh uhjxodwru zhuh dssrlqwhg1 Lq wklv fdvh/ lw zrxog pdnh qr
glhuhqfh zkhwkhu wkh uhjxodwru zhuh dssrlqwhg ru hohfwhg1 Lq idfw/ Sduw| 
pljkw hyhq kdyh dq lqfhqwlyh wr uxq d sur0frqvxphu fdqglgdwh li wkh uhjxodwru
zhuh dssrlqwhg$47 Vhfrqg/ sduwlhv kdyh glhuhqw suhihuhqfhv rq wkh uhjxod0
wru| lvvxh1 Li erwk sduwlhv suhihuuhg sur0frqvxphu uhjxodwruv/ wkhq zkhwkhu
ru qrw wkh uhjxodwru lv hohfwhg ru dssrlqwhg/ wkh| zrxog uxq fdqglgdwhv zlwk
sur0frqvxphu uhjxodwru| vwdqfhv/ vr wkdw wkhuh zrxog eh qr glhuhqfh eh0
wzhhq wkh wzr uhjlphv1 Wklug/ sduwlhv pxvw rhu fdqglgdwhv zkr glhu lq d
srolwlfdoo| vdolhqw glphqvlrq zkhq wkh uhjxodwru lv dssrlqwhg/ hqvxuhg khuh e|
Dvvxpswlrq 21 Zlwkrxw wklv/ sduwlhv zrxog frqyhujh lq wkh sxeolf vshqglqj
glphqvlrq/ dqg wkh jxehuqdwruldo hohfwlrq zrxog eh irxjkw rq wkh fdqglgdwhv*
vwdqfhv rq uhjxodwru| srolf|1
516 Oree|lqj
Surgxfhu lqwhuhvwv whqg wr eh pxfk ehwwhu rujdql}hg wkdq wkrvh ri frqvxphuv1
Khqfh/ zh qrz frqvlghu wkh lpsolfdwlrqv ri doorzlqj surgxfhuv wr frqwulexwh
wr wkh fdpsdljqv ri fdqglgdwhv1 Zh dvvxph wkdw wklv wdnhv sodfh diwhu wkh
47Wkh lqwhuphgldwh fdvhv zkhuh wkh uhjxodwru| lvvxh lv vdolhqw iru vrph/ exw qrw doo w|shv
ri flwl}hqv/ uhvwv rq ghwdlohg frpsdulvrqv1 Li/ iru h{dpsoh/ wkh uhjxodwru| lvvxh lv vdolhqw iru
vkduhkroghuv dqg qrw frqvxphuv/ wklv uhlqirufhv wkh hhfwv lghqwlhg lq Sursrvlwlrq 61L i
lw lv vdolhqw iru frqvxphuv dqg qrw vkduhkroghuv/ d sur0frqvxphu uhjxodwru pljkw eh pruh
olnho| zkhq wkh uhjxodwru lv dssrlqwhg1
45sduwlhv kdyh vhohfwhg fdqglgdwhv148 Wkhvh fdpsdljq frqwulexwlrqv ex| wkh
yrwhv ri qrlvh yrwhuv wr hqkdqfh wkh hohfwlrq fkdqfhv ri sur0exvlqhvv fdqgl0
gdwhv1 Sduwlhv duh dvvxphg wr udwlrqdoo| dqwlflsdwh oree|lqj dfwlylwlhv zkhq
vhohfwlqj fdqglgdwhv1
Wr surfhhg irupdoo|/ frqvlghu dq hohfwlrq lq zklfk wkh glhuhqfh ehwzhhq
wkh fdpsdljq h{shqglwxuhv ri wkh wzr sduwlhv* fdqglgdwhv lv 51L i5 lv srvlwlyh/
Sduw| *v fdqglgdwh lv rxwvshqglqj *v dqg ylfh yhuvd1 Wkhq wkh iudfwlrq
ri qrlvh yrwhuv yrwlqj iru Sduw| *v fdqglgdwh/ #/ lv d udqgrp yduldeoh zlwk
vxssruw dfco dqg fxpxodwlyh glvwulexwlrq ixqfwlrq ME#(51 Wkh ixqfwlrq M
lv dvvxphg wr eh wzlfh frqwlqxrxvo| glhuhqwldeoh dqg wr vdwlvi| wkh frqglwlrq
wkdw iru doo E#c5/ M5E#(5 	 f1
Wr hqvxuh wkdw qrlvh yrwhuv uhpdlq xqeldvhg/ zh uhvwulfw ME#(5 wr eh
v|pphwulf/ vr wkdw iru doo # dqg 5/ ME#c5'ME#c51 Wklv lpsolhv
wkdw wkh suredelolw| wkdw Sduw| *v fdqglgdwh jhwv d iudfwlrq ri qrlvh yrwhuv
ohvv wkdq # zkhq kh rxw0vshqgv Sduw| *v fdqglgdwh e| dq dprxqw 5 htxdov
wkh suredelolw| wkdw Sduw| *v fdqglgdwh jhwv d iudfwlrq ri qrlvh yrwhuv ohvv
wkdq # zkhq kh rxwvshqgv Sduw| *v fdqglgdwh e| wkh vdph dprxqw1 Zh dovr
dvvxph wkdw iru doo # dqg 5:f/ M55E#(5 : f/ lpso|lqj glplqlvklqj uhwxuqv
wr rxwvshqglqj dq rssrqhqw1
Wr lqyhvwljdwh wkh oree|*v rswlpdo frqwulexwlrq/ frqvlghu dq hohfwlrq lq
zklfk wkh lghqwlw| ri wkh uhjxodwru lv wr eh ghwhuplqhg dqg ohw / eh wkh glhu0
hqfh ehwzhhq wkh iudfwlrq ri flwl}hqv rewdlqlqj d kljkhu xwlolw| iurp Sduw| *v
fdqglgdwh dqg wkh iudfwlrq rewdlqlqj d kljkhu xwlolw| iurp Sduw| *v fdqgl0
gdwh1 Li erwk fdqglgdwhv kdyh wkh vdph uhjxodwru| vwdqfh/ wkh up zloo pdnh
qr fdpsdljq frqwulexwlrqv1 Krzhyhu/ li Sduw| *v fdqglgdwh lv d vkduhkroghu
dqg Sduw| *v d frqvxphu/ wkhq wkh up pd| frqwulexwh wr Sduw| *v fdq0
glgdwh1 Jhqhudol}lqj wkh hduolhu dqdo|vlv/ ohw e E/c5 eh wkh suredelolw| wkdw
Sduw| *v fdqglgdwh zlqv zkhq wkh glhuhqfh ehwzhhq wkh wzr fdqglgdwh*v
fdpsdljq h{shqglwxuhv lv 5149 Wkhq wkh up*v rswlpdo frqwulexwlrq wr Sduw|
*v fdqglgdwh lv
5
WE/ ' @h}4@ ie E/c5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WE7  5 G 5  fj
48Xqolnh Jurvvpdq dqg Khospdq +4<<9, zkr frpelqh hohfwrudo srolwlfv dqg oree|lqj/
zh dvvxph wkdw oreelhv pryh diwhu wkh sduwlhv1 Wklv dssurdfk lv vlplodu wr wkdw glfxvvhg
lq Shuvvrq dqg Wdehoolql +4<<<, vhfwlrq :181
49Iroorzlqj wkh hduolhu orjlf/ e #+$>},@3li $ 
￿+4￿￿,







46Li Sduw| *v fdqglgdwh lv d vkduhkroghu dqg Sduw| *v d frqvxphu/ wkh up zloo
frqwulexwh 5WE/ wr Sduw| *v fdqglgdwh lpso|lqj wkdw Sduw| *v fdqglgdwh
zrxog zlq zlwk suredelolw| e E/c5WE/1
Zh pdnh dq dgglwlrqdo whfkqlfdo dvvxpswlrq wr hqvxuh wkdw/ lq d udfh
ehwzhhq d frqvxphu dqg d vkduhkroghu/ dq lqfuhdvh lq wkh iudfwlrq ri wkh
srsxodwlrq suhihuulqj wkh frqvxphu fdqglgdwh fdqqrw lqgxfh d vx!flhqwo|
odujh lqfuhdvh lq fdpsdljq frqwulexwlrqv wr wkh vkduhkroghu fdqglgdwh wr
ghfuhdvh wkh suredelolw| wkdw wkh frqvxphu fdqglgdwh zlqv1
Dvvxpswlrq 6= M#5E#(5 	 M#E#c5M55E#c5*M5E#c5 iru doo # dqg 5 
f
Wkh sduwldo ghulydwlyh M#E#(5 lv wkh ghqvlw| ri wkh fxpxodwlyh glvwulexwlrq
ixqfwlrq ME(5 dw #1 Wkxv/ wkh vhfrqg sduwldo M#5E#(5 whoov xv krz wklv
ghqvlw| lv fkdqjhg e| d pdujlqdo lqfuhdvh lq 51 Vlqfh wkh uljkw kdqg vlgh
ri wkh lqhtxdolw| lv srvlwlyh/ wkh dvvxpswlrq hhfwlyho| erxqgv wkh ghjuhh wr
zklfk wkh ghqvlw| fdq lqfuhdvh1 Xqghu wklv dvvxpswlrq/ zh kdyh=
Ohppd Vxssrvh wkdw Dvvxpswlrq 6 krogv/ dqg ohw /f dqg /￿ eh wzr srlqwv
lq dco vxfk wkdw /f 	/ ￿1 Wkhq e E/fc5WE/f  e E/￿c5WE/￿
zlwk wkh lqhtxdolw| kroglqj vwulfwo| li e E/fc5WE/f 5 Efc1
Wxuqlqj wr fdqglgdwh vhohfwlrq/ wkh sduwlhv dqwlflsdwh wkh up*v oree|lqj
ehkdylru dqg lqfrusrudwh wklv lqwr wkh suredelolwlhv wkh| dvvljq wr wkhlu fdq0
glgdwhv zlqqlqj1 Dq| hohfwlrq jlyhv ulvh wr d jdph dv ehiruh/ h{fhsw wkdw wkh
hohfwlrq suredelolwlhv dvvrfldwhg zlwk glhuhqw fdqglgdwh sdluv qrz lqfrusr0
udwh wkh up*v oree|lqj ehkdylru1 Sduwlhv* vwudwhjlhv/ vwudwhj| vhwv dqg wkh
ghqlwlrq ri dq htxloleulxp duh doo xqfkdqjhg1
Li wkh uhjxodwru lv hohfwhg/ rqh pljkw h{shfw oree|lqj wr kdyh qr hhfw rq
wkh sduwlhv* vhohfwlrq ri fdqglgdwhv1 Wkh rqo| hhfw zrxog eh wkdw Sduw| *v
vkduhkroghu fdqglgdwh zrxog dwwudfw fdpsdljq frqwulexwlrqv dqg khqfh zrxog
eh pruh olnho| wr zlq1 Krzhyhu/ wklv ljqruhv wkh idfw wkdw wkh h{shqglwxuh ri
uhvrxufhv rq oree|lqj e| wkh up lv zdvwhixo dqg uhgxfhv wkh uhjxodwhg up*v
surwv1 Erwk sduwlhv kdyh dq lqfhqwlyh wr dyrlg wklv uhqw0vhhnlqj ehfdxvh lw
uhgxfhv wkh sd|rv ri vkduhkroghuv lq wkhlu sduw|1 Wkxv/ Sduw|  pljkw kdyh
dq lqfhqwlyh wr vhohfw d vkduhkroghu zkhq Sduw|  lv uxqqlqj d vkduhkroghu
dqg Sduw|  pljkw kdyh dq lqfhqwlyh wr vhohfw d frqvxphu zkhq Sduw|  lv
uxqqlqj d frqvxphu1 Wkh iroorzlqj dvvxpswlrq uxohv rxw wkh uvw ri wkhvh
srvvlelolwlhv1
47Dvvxpswlrq 7= e E￿  7cZERWE7{oE :
b￿
￿￿7ZERWE7
Wkh whup e E￿ 7cZERWE7 uhsuhvhqwv wkh suredelolw| wkdw d frqvxphu
fdqglgdwh zrxog ghihdw d vkduhkroghu li wkh vkduhkroghu uhfhlyhg ZERWE7 lq
fdpsdljq frqwulexwlrqv1 Wklv lv reylrxvo| dq xsshu erxqg rq wkh dprxqw
wkh up zrxog jlyh dqg khqfh e  lv d orzhu erxqg rq wkh suredelolw| wkdw
d frqvxphu zrxog ghihdw d vkduhkroghu1 Vlqfh Dvvxpswlrq 4 lpsolhv wkdw
{oE :
b￿
￿￿7ZERWE7/ wklv dvvxpswlrq uxohv rxw wkh srvvlelolw| wkdw e  lv
wrr orz1
Zh qrz kdyh=
Sursrvlwlrq 7 Vxssrvh wkdw wkh uhjxodwhg up fdq pdnh fdpsdljq frq0
wulexwlrqv dqg wkdw Dvvxpswlrqv  dqg e duh vdwlvhg1 Wkhq/ li wkh uhj0
xodwru lv hohfwhg/ d sur0frqvxphu uhjxodwru zloo eh vhohfwhg li d  e E￿ 
7c5Wod
b￿
￿￿7ZERWE7  {oEo lv ohvv wkdq
b￿
￿￿75WE7  ￿1 Li wkh uhyhuvh
lqhtxdolw| krogv/ d sur0frqvxphu uhjxodwru zloo eh vhohfwhg zlwk suredelolw|
e E￿ 7c5W dqg d sur0vkduhkroghu uhjxodwru zlwk suredelolw|  e E￿ 
7c5W1
Wr xqghuvwdqg wklv/ revhuyh wkdw Dvvxpswlrq e jxdudqwhhv wkdw Sduw|  zloo
dozd|v vhohfw d frqvxphu14: Wkh lqhtxdolw| vwdwhg lq wkh Sursrvlwlrq ghwhu0
p l q h vz k h w k h ur uq r wS d u w |*v ehvw uhvsrqvh lv wr vhohfw d frqvxphu ru d
vkduhkroghu1 Fkrrvlqj d frqvxphu pljkw eh rswlpdo iru Sduw|  ehfdxvh lw
dyrlgv wkh frvwv wkdw wkh up*v uhqw0vhhnlqj lpsrvhv rq lwv vkduhkroghu php0
ehuv1 Wkxv/ li wkh lqhtxdolw| krogv/ oree|lqj e| wkh uhjxodwhg up dfwxdoo|
fuhdwhv dq rxwfrph wkdw idyruv orzhu sulfhv dqg wkh uhjxodwhg up zrxog
suhihu wr frpplw qrw wr oree|1 Zkhq wkh uhyhuvh lqhtxdolw| krogv/ wkh oree|
vxssruwv Sduw| *v fdqglgdwh dqg lqfuhdvhv wkh olnholkrrg ri klp2khu ehlqj
hohfwhg1
Zkhq wkh uhjxodwru lv dssrlqwhg/ doorzlqj fdpsdljq frqwulexwlrqv udlvhv
d frqvlghudwlrq qrw dulvlqj lq wkh fdvh ri hohfwlrq1 Vxssrvh wkdw Sduw| 
lv uxqqlqj d w|sh Euc fdqglgdwh dqg Sduw|  dw | s hE-c7 fdqglgdwh1
Wkhq wkh uhjxodwhg up*v vxssruw ri Sduw| *v fdqglgdwh zloo lqfuhdvh wkh
suredelolw| wkdw kh2vkh zlqv1 Sduw|  qrz kdv dq lqfhqwlyh wr qhxwudol}h
wklv dgydqwdjh e| vhohfwlqj d vkduhkroghu1 Zkloh frvwo| lq whupv ri lwv uhjx0
odwru| remhfwlyhv/ wklv frpsurplvh lq wkh uhjxodwru| glphqvlrq zloo lqfuhdvh
4:Zlwkrxw Dvvxpswlrq 5/ wkhuh h{lvw frqglwlrqv xqghu zklfk erwk sduwlhv fkrrvlqj
vkduhkroghuv lv dq htxloleulxp1
48wkh suredelolw| ri Sduw|  dfklhylqj lwv phpehuv* suhihuuhg sxeolf vshqglqj
rxwfrph1 Vxfk hohfwrudo frqvlghudwlrqv dovr lqfuhdvh Sduw| *v lqfhqwlyh wr
vhohfw d vkduhkroghu1
Wr uhvwulfw wkh udqjh ri srvvleoh fdvhv/ zh vwuhqjwkhq Dvvxpswlrq 2 lq wkh
iroorzlqj zd|1
Dvvxpswlrq 8= Eu  -{KEu : d{oE 
b￿
￿￿7ZERWE7o
Wklv uxohv rxw dq| frpsurplvh lq wkh sxeolf vshqglqj glphqvlrq e| Sduw| 1
E| vhohfwlqj d w|sh Euc7 fdqglgdwh zkhq Sduw|  vhohfwv d w|sh E-c7 fdqglgdwh/
Sduw|  fdq qhxwudol}h wkh lpsdfw ri wkh oree| dqg pdnh wkh hohfwlrq d uhihu0
hqgxp rq wkh sxeolf vshqglqj lvvxh1 Lq vxfk dq hohfwlrq/ Sduw| *v fdqglgdwh
zlqv zlwk suredelolw| Eu  -1D v v x p s w l r qD l p s o l h vw k d ww k l vv w u d w h j |
grplqdwhv rqh lq zklfk Sduw|  frpsurplvhv rq wkh sxeolf vshqglqj glphq0
vlrq wr lqfuhdvh wkh olnholkrrg ri lwv suhihuuhg uhjxodwru| rxwfrph1
Zh qrz kdyh=
Sursrvlwlrq 8 Vxssrvh wkdw wkh uhjxodwhg up fdq oree| e| pdnlqj fdp0
sdljq frqwulexwlrqv dqg wkdw Dvvxpswlrqv/ c  dqg D duh vdwlvhg1 Wkhq/
li wkh uhjxodwru lv dssrlqwhg/ d sur0vkduhkroghu uhjxodwru zloo eh vhohfwhg li
e Eu  -c5Wd{oE 
b￿
￿￿7ZERWE7o lv ohvv wkdq dEu  -  e Eu 
-c5Wo{KEun
b￿
￿￿75WE-  u1 Li wkh uhyhuvh lqhtxdolw| krogv/ d sur0
frqvxphu uhjxodwru zloo eh vhohfwhg zlwk suredelolw| e Eu  -c5W dqg d
sur0vkduhkroghu uhjxodwru zlwk suredelolw|   e Eu  -c5W1
Lq htxloleulxp/ Sduw|  vhohfwv d w|sh E-c7 fdqglgdwh1 Qrw rqo| grhv Sduw|
 suhihu d vkduhkroghu/ exw uxqqlqj d vkduhkroghu dwwudfwv fdpsdljq frq0
wulexwlrqv zklfk lqfuhdvh wkh suredelolw| wkdw lw uhfhlyhv lwv suhihuuhg sxeolf
vshqglqj ohyho1 Wkh odwwhu h{sodlqv zk| Sduw|  qhyhu uxqv d frqvxphu wr
dyrlg wkh frvwv ri uhqw vhhnlqj1 Wkh lqhtxdolw| lq wkh Sursrvlwlrq ghwhuplqhv
zkhwkhu Sduw|  zrxog udwkhu slfn d vkduhkroghu ru d frqvxphu dv d fdqgl0
gdwh lq uhvsrqvh1 Slfnlqj d frqvxphu uhgxfhv wkh suredelolw| wkdw lw uhfhlyhv
lwv suhihuuhg vshqglqj ohyho dqg wuljjhuv frvwo| uhqw vhhnlqj1 Krzhyhu/ lw lq0
fuhdvhv wkh olnholkrrg ri lw rewdlqlqj lwv suhihuuhg uhjxodwru| sulfh1 Wkhvh
ehqhwv duh uhsuhvhqwhg e| wkh ohiw kdqg vlgh ri wkh lqhtxdolw| dqg wkh frvwv
e| wkh uljkw kdqg vlgh1 Wkh fdvh lq zklfk wkh ehqhwv duh ohvv wkdq wkh frvwv
looxvwudwhv zk| lw frxog eh plvohdglqj wr orrn dw htxloleulxp sd|phqwv wr
jdxjh wkh srzhu ri oreelhv1 Wkh uhjxodwhg up kdv d vljqlfdqw lpsdfw rq
wkh srolf| rxwfrph zlwkrxw pdnlqj dq| fdpsdljq frqwulexwlrqv$ Lwv srzhu
49vwhpv iurp wkh fuhgleoh wkuhdw wr vxssruw Sduw| *v fdqglgdwh li Sduw| 
sxwv xs d frqvxphu1
Frpelqlqj wkh wzr suhylrxv sursrvlwlrqv dqg xvlqj wkh Ohppd/ |lhogv
Sursrvlwlrq 9 Vxssrvh wkdw wkh uhjxodwhg up fdq oree| e| pdnlqj fdp0
sdljq frqwulexwlrqv dqg wkdw Dvvxpswlrqv / c e dqg D duh vdwlvhg1 Wkhq/
d sur0frqvxphu uhjxodwru zloo eh fkrvhq zlwk kljkhu suredelolw| li wkh uhjxodwru
lv hohfwhg1
Wklv ghprqvwudwhv wkh urexvwqhvv ri wkh edvlf lqvljkw iurp wkh suhylrxv vhf0
wlrq1 Lq idfw/ lqfrusrudwlqj wkh hhfwv ri oree|lqj fuhdwhv wzr dgglwlrqdo uhd0
vrqv zk| hohfwlqj uhjxodwruv fdq surprwh frqvxphu lqwhuhvwv1 Iluvw/ hohfwlqj
d uhjxodwru fdq lqgxfh Sduw|  wr fkrrvh d frqvxphu wr dyrlg wkh frvwo|
uhqw vhhnlqj wkdw d frqvxphu yhuvxv vkduhkroghu udfh surgxfhv1 Vhfrqg/ li
wkh uhjxodwru lv dssrlqwhg/ wkhq hdfk sduw| kdv dq lqfhqwlyh wr sdqghu wr
wkh uhjxodwhg up wr dyrlg wkh hohfwrudo glvdgydqwdjh wkdw uxqqlqj d sur0
frqvxphu fdqglgdwh fuhdwhv1 Wklv hohfwrudo glvdgydqwdjh lv frvwo| ehfdxvh
lw uhgxfhv wkh suredelolw| ri d sduw| dfklhylqj lwv suhihuuhg sxeolf vshqglqj
ohyho1 Wkxv/ wkh idfw wkdw uhjxodwlrq lv exqgohg zlwk rwkhu lvvxhv lqfuhdvhv
wkh srzhu ri wkh oree|1 Wklv hhfw lpsolhv wkdw/ hyhq li Dvvxpswlrq 4 lv
ylrodwhg dqg erwk sduwlhv idyruhg sur0frqvxphu fdqglgdwhv/ wkh| pljkw eh
lqgxfhg wr uxq sur0vkduhkroghu fdqglgdwhv lq wkh jxehuqdwruldo hohfwlrq lq
wkh vlwxdwlrq zkhuh wkh uhjxodwru lv dssrlqwhg14;
517 Rwkhu frqvlghudwlrqv
Khuh zh eulh | glvfxvv d qxpehu ri rwkhu frqvlghudwlrqv zklfk vhhp erwk
sudfwlfdoo| uhohydqw dqg lpsruwdqw iru rxu uhvxowv1 Iluvw/ lw pljkw eh dujxhg
wkdw/ ehfdxvh wkh lvvxhv duh ohvv lpsruwdqw/ d juhdwhu iudfwlrq ri wkh hohfwrudwh
zrxog yrwh lq d qrlv| zd| lq uhjxodwru wkdq jxehuqdwruldo hohfwlrqv1 Wklv
lghd fdq eh irupdol}hg e| vxssrvlqj wkdw d iudfwlrq >￿ ri wkh srsxodwlrq duh
4;Wkhvh frqfoxvlrqv ghshqg rq wkh dssurdfk wr oree|lqj dgrswhg khuh1 Dq dowhuqdwlyh
sodxvleoh vfhqdulr lv wkdw uhjxodwhg upv oree| uhjxodwruv diwhu wkh| kdyh ehhq vhohfwhg/ e|
rhulqj surplvhv ri ixwxuh hpsor|phqw dqg rwkhu w|shv ri eulehv wr uhjxodwruv lq h{fkdqjh
iru srolf| idyruv +vhh/ iru h{dpsoh/ Odrqw dqg Wluroh +4<<6,/ Jurvvpdq dqg Khospdq
+4<<7, dqg Ehvoh| dqg Frdwh +4<<<,,1 Lq wklv fdvh/ wkh delolw| ri wkh uhjxodwru vhohfwlrq
phfkdqlvp wr pxwh wkh uhjxodwhg up*v lq xhqfh lv pruh olplwhg1 Hyhq wkh vwdxqfkhvw
sur0frqvxphu uhjxodwru pd| qg lw gl!fxow qrw wr eh vzd|hg e| wkh survshfw ri vljqlfdqw
shuvrqdo jdlq1
4:udwlrqdo yrwhuv lq uhjxodwru hohfwlrqv dqg d iudfwlrq >2 duh udwlrqdo yrwhuv lq
jxehuqdwruldo hohfwlrqv zlwk >￿ 	> 21 Wkhvh glhuhqw iudfwlrqv zrxog jlyh
ulvh wr glhuhqw suredelolw| ri zlqqlqj ixqfwlrqv ￿E/ dqg 2E/ iru wkh
wzr w|shv ri hohfwlrqv1 Lw vkrxog eh fohdu wkdw/ hyhq li sduwlhv vhohfwlrq ri
fdqglgdwhv uhpdlq dv ghvfulehg deryh/ wkh frqfoxvlrqv ri Sursrvlwlrqv  dqg
S pljkw qhhg wr eh prglhg1 Lw lv srvvleoh/ iru h{dpsoh/ wkdw ￿E￿  7
p l j k we ho h v vw k d q2Eu  -/ xqghuplqlqj wkh dujxphqw wkdw hohfwlqj
uhjxodwruv uhvxowv lq pruh sur0frqvxphu rxwfrphv14<
Lq vlplodu yhlq/ lw pljkw eh dujxhg wkdw/ li uhjxodwru dqg jxehuqdwruldo
hohfwlrqv zhuh khog vlpxowdqhrxvo|/ yrwhuv zrxog yrwh d sduw| wlfnhw/ zlwk
sduw| suhihuhqfhv ehlqj ghwhuplqhg e| wkhlu suhihuuhg jxehuqdwruldo fdqgl0
gdwh1 Wkxv yrwhuv* sduw| suhihuhqfh zrxog eh ghwhuplqhg e| wkh wrs ri wkh
wlfnhw dqg wkhuh zrxog eh d frdw0wdlo hhfw iru uhjxodwru fdqglgdwhv1 Li
doo yrwhuv ehkdyhg lq wklv zd|/ wkhq wkhuh zrxog eh qr glhuhqfh ehwzhhq
hohfwlqj dqg dssrlqwlqj uhjxodwruv xqghu rxu dvvxpswlrqv1 Li wkh uhjxodwru lv
hohfwhg/ hdfk sduw| zrxog vhohfw lwv suhihuuhg w|sh ri uhjxodwru dv lq Sursr0
vlwlrq 4/ exw wkh suredelolw| wkdw Sduw| *v fdqglgdwh zrxog zlq +dqg khqfh
wkdw wkh uhjxodwru zrxog eh ri w|sh , zrxog vlpso| eh Eu  -1
Ilqdoo|/ lw pljkw eh dujxhg wkdw wkh orjlf xqghuo|lqj Sursrvlwlrq  uhvwv
rq wkh dvvxpswlrq wkdw rqo| wkh wzr srolwlfdo sduwlhv fdq rhu fdqglgdwhv/
zlwk hqwu| e| lqghshqghqw flwl}hq0fdqglgdwhv ehlqj uxohg rxw1 Sduw|  lv
deoh wr jhw dzd| zlwk vhohfwlqj dq E-c7 fdqglgdwh rqo| ehfdxvh wkhuh lv
qr fdqglgdwh ri w|sh E-c lq wkh udfh1 Zlwk flwl}hq0fdqglgdwhv/ wkh wkuhdw
ri hqwu| e| dq lqghshqghqw w|sh E-c fdqglgdwh pljkw irufh Sduw|  wr
uxq vxfk d fdqglgdwh lwvhoi1 Krzhyhu/ wklv dujxphqw qhjohfwv wkh gl!fxowlhv
lqkhuhqw lq hohfwlrqv zlwk wkuhh ru pruh fdqglgdwhv1 Li udwlrqdo yrwhuv yrwh
vlqfhuho|/ hqwu| e| d w|sh E-c lqghshqghqw zrxog vlpso| vsolw wkh uljkw0
zlqj yrwh dqg vljqlfdqwo| hqkdqfh wkh suredelolw| ri wkh ohiw0zlqj fdqglgdwh
zlqqlqj1 Li udwlrqdo yrwhuv duh vwudwhjlf/ uljkw zlqjhuv zloo eh uhoxfwdqw wr
vzlwfk wr wkh hqwudqw iru ihdu ri zdvwlqj wkhlu yrwh153 Wkxv/ d w|sh E-c
lqghshqghqw lv olnho| wr hlwkhu lqfuhdvh wkh suredelolw| ri wkh ohiw zlqj fdq0
glgdwh zlqqlqj ru wr kdyh qr hhfw1 Hlwkhu zd|/ vxfk d fdqglgdwh kdv olwwoh
4<Vxssrvh wkdw 4@5 wkh srsxodwlrq duh udwlrqdo yrwhuv lq jxehuqdwruldo hohfwlrqv/ dqg
4@7 lq uhjxodwru hohfwlrqv1 Ixuwkhu vxssrvh wkdw 6@7 ri wkh srsxodwlrq duh frqvxphuv dqg
5@6 ohiw0zlqjhuv1 Wkhq lq wkh jxehuqdwruldo hohfwlrq/ wkh ohiw zlqj fdqglgdwh zloo zlq li 
h{fhhgv 4@61 Lq wkh uhjxodwru hohfwlrq/ wkh frqvxphu fdqglgdwh zloo dovr zlq li  h{fhhgv
4@61 Wkxv/ Sursrvlwlrq 6 lv ylrodwhg1
53Vhh/ iru h{dpsoh/ Ehvoh| dqg Frdwh +4<<:, iru hoderudwlrq ri wklv dujxphqw1
4;lqfhqwlyh wr hqwhu1
6 Hylghqfh
Rxu wkhru| surylghv d qxpehu ri uhdvrqv wr eholhyh wkdw d uhjlph lq zklfk
uhjxodwruv duh gluhfwo| hohfwhg pljkw surgxfh pruh sur0frqvxphu uhjxodwruv
wkdq d uhjlph lq zklfk wkh| duh dssrlqwhg1 Lq wkh uhpdlqlqj sduw ri wkh
sdshu/ zh lqyhvwljdwh zkhwkhu wkh gdwd vxjjhvw wkdw X1V1 vwdwhv zklfk hohfw
wkhlu sxeolf xwlolw| uhjxodwruv gr lqghhg kdyh pruh sur0frqvxphu uhjxodwruv1
Hdfk vwdwh kdv lwv rzq uhjxodwru| frpplvvlrq/ zlwk wkh wzr edvlf vhohfwlrq
phwkrgv ehlqj gluhfw hohfwlrq dqg dssrlqwphqw e| wkh vwdwh jryhuqru154 Wkh
uhjxodwru| frpplvvlrqv shuirup d ydulhw| ri ixqfwlrqv +vhh Skloolsv +4<;;,
fkdswhu 7, lqfoxglqj judqwlqj shuplwv dqg olfhqvhv1 Krzhyhu/ iru rxu sxu0
srvhv/ wkhlu prvw lpsruwdqw ixqfwlrq lv wkh frqwuro ri uhwdlo udwhv iru hohfwulf0
lw| lq wkh vwdwhv lq zklfk wkh| rshudwh155 Zh xvh gdwd rq hohfwulflw| sulfhv
wr whvw zkhwkhu uhjxodwruv lq gluhfwo| hohfwhg vwdwhv duh pruh sur0frqvxphu1
Rxu gdwd frph iurp wkh HHL dqg jlyh sulfhv ri hohfwulflw| lq wkuhh vhjphqwv
ri wkh pdunhw  uhvlghqwldo/ frpphufldo dqg lqgxvwuldo iurp 4<93 wr 4<<: iru
doo frqwlqhqwdo X1V1 Vwdwhv1 Zh uvw whvw zkhwkhu sulfhv duh orzhu lq wkrvh
vwdwhv wkdw hohfw wkhlu hohfwulflw| uhjxodwruv dqg wkhq h{dplqh zkhwkhu sulfhv
duh ohvv vhqvlwlyh wr frvw vkrfnv lq hohfwhg vwdwhv1
614 Sulfh ohyhov
Dw wkh ehjlqqlqj ri rxu shulrg +4<93,/ irxuwhhq vwdwhv hohfwhg wkhlu xwlolw|
frpplvvlrqhuv/ idoolqj wr wzhoyh e| wkh hqg +4<<:,1 Wklv jhqhudo wuhqg pdvnv
wkh idfw wkdw yh vwdwhv vzlwfkhg wkhlu phwkrg ri vhohfwlqj uhjxodwruv156 Zh
vxppdul}h vrph lqirupdwlrq derxw wkh glhuhqfhv lq fkdudfwhulvwlfv ri wkh
wkuhh fdwhjrulhv ri vwdwhv +dssrlqwhuv/ hohfwruv dqg vzlwfkhuv, lq Wdeoh 41
54Wkh gdwd dsshqgl{ jlyhv doo wkh yduldwlrqv revhuyhg lq wkh gdwd1 Dsshqgl{ Wdeoh 5
j l y h vdo l v wr iv w d w h vl qh d f kf d w h j r u | 1
55Dv Mrvnrz +4<:7, kdv dujxhg/ lw lv sulfh uhjxodwlrq wkdw xowlpdwho| lq xhqfhv wkh udwh
ri uhwxuq wkdw wkh lqgxvwu| hqmr|v1
56Iorulgd vzlwfkhg iurp hohfwlqj wr dssrlqwlqj lq 4<;4> Lrzd vzlwfkhg wr dq hohfwlrq
v|vwhp iru 4<95 dqg 4<96 rqo|> Plqqhvrwd kdv wkh prvw froruixo klvwru|/ xvlqj dq hohfwlrq
v|vwhp 4<930:4/ dssrlqwlqj iurp 4<:508/ hohfwlqj iurp 4<:90:: dqg dssrlqwlqj hyhu vlqfh>
Vrxwk Fdurolqd vzlwfkhg wr dq hohfwlrq v|vwhp lq 4<<9> Wh{dv vzlwfkhg iurp dq hohfwlrq
wr dq dssrlqwphqw v|vwhp lq 4<::1
4<Vwdwhv wkdw hohfw wkhlu xwlolw| frpplvvlrqhuv whqg wr eh vpdoohu dqg srruhu
wkdq vwdwhv wkdw dssrlqw wkhp1 Wkh| duh dovr pruh olnho| wr kdyh d ghprfudwlf
jryhuqru1 Krzhyhu/ wkh vwdwhv duh vlplodu lq whupv ri ghprjudsklf vwuxfwxuh
dv phdvxuhg e| wkh sursruwlrq ri fkloguhq dqg wkhlu srsxodwlrq djhg ryhu 981
Wkhuh lv qr vljqlfdqw glhuhqfh ehwzhhq wkh vwdwhv wkdw dssrlqw dqg hohfw
wkhlu xwlolw| frpplvvlrqhuv lq whupv ri wkh sursruwlrq ri hohfwulflw| surgxfhg
iurp irvvlo ixhov +durxqg :3( iru erwk nlqgv ri vwdwhv,1
Wdeoh 4 dovr surylghv lqirupdwlrq rq wkh udz phdqv ri wkh qrplqdo sulfhv
ri hohfwulflw| +ghqrwhg lq fhqwv shu nlorzdww krxu, dfurvv wkh wkuhh w|shv ri
vwdwhv157 Li vwdwhv zlwk hohfwhg uhjxodwruv kdyh pruh sur0frqvxphu uhjxodwruv/
zh zrxog h{shfw wkhp wr kdyh orzhu sulfhv1 Wkh uhvxowv jlyh dq lpphgldwh
vxjjhvwlrq wkdw hohfwruv kdyh orzhu sulfhv wkdq dssrlqwhuv  wkh glhuhqfh lv
vwdwlvwlfdoo| vljqlfdqw dw 8( iru uhvlghqwldo udwhv dqg dw 43( iru frpphufldo
dqg lqgxvwuldo udwhv1 Wklv qglqj lv rqo| vxjjhvwlyh  wkhuh duh d krvw ri
uhdvrqv zk| sulfhv pd| glhu zklfk duh qrw frqwuroohg iru lq wkh phdqv1
Khqfh/ iru d voljkwo| pruh vrsklvwlfdwhg dssurdfk/ zh uhjuhvvhg wkh sulfh
vhulhv rq vwdwh gxpp| yduldeohv dqg |hdu gxpp| yduldeohv1 Zh wkhq vdyhg
wkh vwdwh gxpp| yduldeohv dqg uhjuhvvhg wkhp rq zkhwkhu wkh vwdwh hohfwv
ru dssrlqwv lwv uhjxodwruv1 Wkh uhvxowv lq Wdeoh 5 frqup wkdw wkhuh lv d
vwdwlvwlfdoo| vljqlfdqw glhuhqfh lq sulfhv ehwzhhq hohfwruv dqg dssrlqwhuv158
Wr sxw wklv glhuhqfh lqwr shuvshfwlyh/ dw wkh phdq krxvhkrog frqvxpswlrq
ri 43/333 nlorzdww krxuv shu dqqxp/ lw lpsolhv d glhuhqfh ri durxqg '93 shu
dqqxp rq dq dyhudjh krxvhkrog*v hohfwulflw| eloov159
Mrvnrz +4<:7, revhuyhv wkdw wkh lq xhqfh ri uhjxodwruv rq sulfhv lv olnho|
wr eh pxfk pruh lpsruwdqw lq dq hqylurqphqw zkhuh lqsxw sulfhv duh ulvlqj/
vlqfh udwh uhylhzv duh prvw olnho| lq vxfk shulrgv1 Dffruglqj wr wklv dujxphqw/
uhjxodwru lq xhqfh vkrxog ehfrph pruh lpsruwdqw lq wkh srvw04<9< shulrg
zkhq irvvlo ixho sulfhv lqfuhdvhg gudpdwlfdoo|1 Wklv lqfuhdvh lv grfxphqwhg
lq Iljxuh 4 zklfk judskv d frpsrvlwh irvvlo ixho sulfh lqgh{ +jdv/ frdo dqg rlo,
ryhu wlph shu EWX +wkh yduldeoh frps,1 Wkh wxuexohqw shulrg iurp 4<9<
wr wkh plg 4<;3v khuh lv hylghqw1 Wkh judsk dovr vkrzv rxu vhulhv rq wkh
57Zh frqgxfw wkh dqdo|vlv lq whupv ri qrplqdo sulfhv1 Vlplodu uhvxowv duh rewdlqhg zkhq
sulfhv duh gh dwhg xvlqj wkh frqvxphu sulfh lqgh{1
58Iru wkh sxusrvhv ri wkhvh uhjuhvvlrqv/ zh h{foxghg wkh vwdwhv zkr vzlwfkhg uhjlph1
59Wkh idfw wkdw sulfh glhuhqwldov ehwzhhq hohfwlqj dqg dssrlqwlqj vwdwhv ydu| dfurvv wkh
glhuhqw wdulv fdq eh h{sodlqhg e| wkh idfw wkdw sulfh lqfuhdvhv lq hdfk fdvh fdq lpsdfw
frqvxphuv glhuhqwo|1 Lq d pruh jhqhudo prgho/ uhjxodwruv frxog dovr dwwdfk glhuhqw
zhljkwv wr glhuhqw jurxsv ri frqvxphuv1
53uhvlghqwldo sulfh ri hohfwulflw| +pusn, dqg d vwdwh vshflf irvvlo ixho frvw lqgh{
shu EWX +pfrvw,1 Wkh odwwhu lv jhqhudwhg e| pxowlso|lqj wkh vkduh +lq wrwdo
surgxfwlrq, ri hohfwulflw| surgxfhg xvlqj hdfk w|sh ri irvvlo ixho phdvxuhg lq
EWXv zhljkwhg e| d sulfh vhulhv rewdlqhg iurp Hqhuj| Lqirupdwlrq Djhqf|*v
Dqqxdo Hqhuj| Uhylhz1 Wkh uhvlghqwldo sulfh lqfuhdvhg dorqj zlwk frvwv lq
wkh 4<:3v dqg nhsw rq grlqj vr diwhu frvwv ghfolqhg lq wkh odwh 4<;3v15:
Wr lqyhvwljdwh wkh fkdqjlqj lpsruwdqfh ri uhjxodwru lq xhqfh/ zh fkhfn
zkhwkhu wkh jds ehwzhhq dssrlqwhuv dqg hohfwruv zlghqhg ehwzhhq 4<:3 dqg
4<;31 Zh gr d vlpsoh glhuhqfh0lq0glhuhqfh dqdo|vlv lq Wdeoh 61 Wkh dyhudjh
uhvlghqwldo sulfh shu nlorzdww krxu ehwzhhq hohfwhg dqg dssrlqwhg vwdwhv zdv
316 fhqwv lq wkh 4<93v dqg lqfuhdvhg wr 4 fhqw lq wkh 4<:3v1 Wklv zlghq0
lqj jds lv vwdwlvwlfdoo| vljqlfdqw dw frqyhqwlrqdo ohyhov1 Wkhuh duh vlplodu
fkdqjhv +dovr vljqlfdqw, iru frpphufldo dqg lqgxvwuldo sulfhv1 Erwk ri wkhvh
qglqjv iurp wkh udz gdwd duh zhoo looxvwudwhg lq Iljxuh 5 zklfk sorwv wkh
phdq uhvlghqwldo sulfh shu nlorzdww krxu iru vwdwhv wkdw dssrlqw +pdusn, dqg
wkdw hohfw +phusn,1 Wklv looxvwudwhv erwk wkh glhuhqfhv lq phdqv dqg wkh
glyhujhqfh gxulqj wkh 4<:3v1
615 Uhvsrqvlyhqhvv wr frvw vkrfnv
Rxu vhfrqg whvw lv prwlydwhg e| wkh wkhruhwlfdo revhuydwlrq wkdw sulfhv vhw
e| pruh sur0frqvxphu uhjxodwruv vkrxog eh ohvv uhvsrqvlyh wr frvw vkrfnv1
Wr vhh wklv/ vxssrvh +iroorzlqj vwdqgdug sudfwlfh, wkdw uhjxodwruv fkrrvh
sulfhv wr pd{lpl}h oERcnbZER vxemhfw wr wkh frqvwudlqw wkdw ZER  f
i r uv r p hz h l j k wb1 Wkh ghjuhh wr zklfk d uhjxodwru lv sur0frqvxphu lv
wkhq phdvxuhg e| wkh uhodwlyh zhljkw kh2vkh sodfhv rq frqvxphu uhodwlyh
wr surgxfhu vxusoxv1 Rxu prgho uhsuhvhqwv d vshfldo fdvh ri wklv jhqhudo
irupxodwlrq/ zlwk wkh zhljkw d uhjxodwru sxwv rq wkh surwv ri wkh uhjxodwhg
up ghwhuplqhg e| klv2khu frqqhfwlrq wr wkh up1 Ixuwkhu vxssrvh wkdw
wkh uhjxodwhg up*v frvw ixqfwlrq lv SE%'8 n S  % dqg ohw RW EScb eh d
w|sh b uhjxodwru*v rswlpdo sulfh jlyhq wkh pdujlqdo frvw S1 Dvvxplqj wkdw
ZERW EScb : f/ lw pd| uhdglo| eh vkrzq wkdw
5:Krzhyhu/ wkh slfwxuh lv vrphzkdw glhuhqw zkhq orrnlqj dw uhdo udwkhu wkdq qrplqdo
sulfhv1 Wkh 4<93v vdz idoolqj uhdo sulfhv zkloh sulfhv lqfuhdvhg lq uhdo whupv lq wkh 4<;3v1








zkhuh 0 lv wkh sulfh hodvwlflw| ri ghpdqg1 Dvvxplqj wkdw frqvxphu gh0





￿15; Wklv uhvxow lv frqvrqdqw zlwk Mrvnrz +4<:7,*v ghvfuls0
wlrq ri wkh uhjxodwru| surfhvv wkdw hpskdvl}hv wkh g|qdplfv ri udwh lqfuhdvhv
lq uhvsrqvh wr frvwv wr vkrfnv1 Sur0frqvxphu uhjxodwruv vkrxog eh ohvv zloolqj
wr uhvsrqg wr dssolfdwlrqv iru udwh lqfuhdvhv e| xwlolwlhv lq wkh idfh ri frvw
vkrfnv1
W rl p s o h p h q ww k hw h v wu h t x l u h vdp h d v x u hr iv x f kf r v wv k r f n vr y h uw k h
gdwd shulrg1 Wklv lv qrw hqwluho| vwudljkwiruzdug dv vwdwhv xvh d ydulhw| ri
surgxfwlrq phwkrgv1 Pruhryhu/ wkhvh ydu| lq wkh uhodwlyh lpsruwdqfh ri
{hg dqg yduldeoh frvwv1 Lq uhylhzlqj wkh dydlodeoh whfkqrorjlhv/ Wxuyh| dqg
Dqghuvrq +4<::, frqwudvw wkh orz pdujlqdo frvw whfkqrorjlhv ri k|gur dqg
qxfohdu zlwk kljkhu pdujlqdo frvw whfkqrorjlhv ri irvvlo ixhov1 +Wkh wkuhh pdlq
irvvlo ixho vrxufhv duh jdv/ frdo dqg rlo1, K|gur jhqhudwlrq dqg qxfohdu srzhu
whqg/ rq wkh zkroh/ wr kdyh kljkhu {hg frvwv1 Lw lv pxfk hdvlhu wr jhw vhulhv
wkdw fdswxuh fkdqjhv lq wkh sulfhv ri irvvlo ixhov zklfk/ Iljxuh 4 vkrzhg/ kdyh
h{shulhqfhg gudpdwlf sulfh fkdqjhv1 Khqfh/ khuh zh irfxv rq vkrfnv wr wkhvh
frvwv1 Krzhyhu/ lw lv fohdu wkdw vwdwhv zloo kdyh yhu| glhuhqw vxvfhswlelolwlhv
wr wkhvh frvwv rq dffrxqw ri wkhlu ydu|lqj surgxfwlrq vwuxfwxuhv1 Zh wkhuhiruh
xvh wkh yduldeoh pfrvw ghvfulehg deryh dv rxu phdvxuh ri frvwv1 Ghqrwh wklv
yduldeoh Sr| lq vwdwh r dw wlph |1
Wklv doorzv xv wr uxq sdqho uhjuhvvlrqv ri wkh irup=
Rr| ' kr n q| n ￿BSr| n 2E  BSr| n %r| n 0r|
zkhuh Rr| lv wkh dyhudjh sulfh shu nlorzdww krxu iru vwdwh r lq |hdu |( kr duh
vwdwh {hg hhfwv sur{|lqj iru orqj0uxq glhuhqfhv lq vwdwhv* surgxfwlrq dqg
5;Wklv dovr krogv iru wkh erxqgdu| zkhuh +s￿ +f>,, @ 3 ? +s￿ 
f>
3
, dv orqj dv %  4
zklfk lv wkh hpslulfdoo| uhohydqw fdvh iru hohfwulflw| ghpdqg1 Wr vhh wklv/ revhuyh wkdw
s￿ +f>, vdwlvhv wkh sulfh htxdov dyhudjh frvw htxdwlrq s￿ @ f.I@Q{+s￿,1 Wklv htxdwlrq
lpsolhv wkdw Cs￿+f>,@Cf @4 @^4 
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s￿+f>￿, `1 Wkxv/ xvlqj wkh h{suhvvlrq iru s￿ 
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/ d vx!flhqw frqglwlrq iru wkh uhvxow
lv wkdw %  4=
55glvwulexwlrq v|vwhpv gxh wr folpdwh hwf> q| d u h| h d ug x p p |y d u l d e o h vw k d w
slfn xs pdfur0vkrfnv dqg frpprq fkdqjhv lq ihghudo srolf|> %r| lv d yhfwru
ri vwdwh vshflf/ wlph ydu|lqj vkrfnv> dqg B lv d gxpp| yduldeoh wkdw lv htxdo
wr rqh li wkh vwdwh hohfwv lwv uhjxodwru1 Wkh nh| lpsolfdwlrq wr eh whvwhg lv
wkdw ￿ 	 2> l1h1 sulfhv vkrxog uhvsrqg ohvv wr frvw vkrfnv zkhq vwdwhv hohfw
wkhlu uhjxodwruv1
Wkh edvlf uhvxowv duh jlyhq lq Wdeoh 715< Froxpqv +4, wkurxjk +6, jlyh
uhvxowv lq hdfk ri wkuhh fdwhjrulhv ri surylvlrq zkhuh glhuhqfhv ehwzhhq
vwdwhv dqg ryhu wlph duh frqwuroohg iru vroho| zlwk vwdwh dqg |hdu hhfwv1
Wkh nh| revhuydwlrq lv wkdw wkh frh!flhqw rq frvwv iru hohfwruv lv hyhu|zkhuh
ehorz wkdw iru dssrlqwhuv1 Urz wkuhh ri wkh wdeoh jlyhv wkh uhvxowv ri dq I0whvw
rq wkh htxdolw| ri wkhvh frh!flhqwv  wkh k|srwkhvlv ri htxdolw| lv uhmhfwhg
frpiruwdeo| lq hyhu| fdvh1 Wklv lv urexvw wr lqfoxglqj d qxpehu hfrqrplf
frqwurov dv lq froxpqv +7,0+9,1
Wr jhw dq lghd ri glhuhqfhv dfurvv wkh glhuhqw w|shv ri hohfwulflw| wdulv/
lw lv zruwk orrnlqj dw wkh udwlr ri wkh hhfw ri d frvw lqfuhdvh lq hohfwhg dqg
dssrlqwhg vwdwhv1 Wkh udwlr ri wkhvh frh!flhqwv lv urxjko| 604 iru uhvlghqwldo
+froxpq 7,/ 908 iru frpphufldo dqg :08 iru lqgxvwuldo1 Wklv vxjjhvwv wkdw
wkh eljjhvw hhfw ri ehlqj hohfwhg lv rq uhvlghqwldo sulfhv1 Wklv lv olqh zlwk
wkh uhvxowv wkdw zh irxqg iru sulfh ohyhov uhsruwhg deryh1
Wr sxw wkh vl}h ri wkh frh!flhqwv lq shuvshfwlyh/ zh fdq xvh wkh hvwlpdwhg
frh!flhqwv lq wdeoh 7 wr vhh krz pxfk ri wkh glyhujhqfh lq sulfhv ehwzhhq
wkh suh 4<:3 dqg 4<:30;8 shulrg uhsruwhg lq wdeoh 6 fdq eh h{sodlqhg1 Khuh/
zh revhuyhg lqfuhdvhv lq wkh sulfh glhuhqwldo ri 31: fhqwv iru uhvlghqwldo
sulfhv/ 319 fhqwv iru frpphufldo dqg 317 fhqwv iru lqgxvwuldo xvhuv1 Xvlqj/
wkh frh!flhqwv iurp froxpqv 609 lq wdeoh 7 dqg wkh dfwxdo frvw lqfuhdvh ryhu
wkh shulrg/ zh zrxog suhglfw lqfuhdvhv lq wkh sulfh glhuhqwldo ri 3164 fhqwv iru
uhvlghqwldo xvhuv/ 313: fhqwv iru frpphufldo sulfhv dqg 315 fhqwv iru lqgxvwuldo
xvhuv1
Orrnlqj dw wkh rwkhu frh!flhqwv lq wkh qdo wkuhh froxpqv ri Wdeoh 7/
zh qg wkdw erwk srsxodwlrq dqg lqfrph shu fdslwd h{huw vljqlfdqw hhfwv
rq hohfwulflw| sulfhv1 Hydoxdwhg dw wkh phdq/ wkhvh frh!flhqwv lpso| wkdw
kljkhu lqfrph shu fdslwd h{huwv dq xszdug hhfw rq hohfwulflw| sulfhv/ zkloh
kljkhu srsxodwlrq kdv wkh rssrvlwh hhfw1 Zh dovr qg wkdw vwdwhv wkdw kdyh
5<Dsshqgl{ Wdeoh 4 uhsurgxfhv wkh edvlf uhvxowv h{foxglqj wkh yh vwdwhv wkdw vzlwfkhg
wkhlu phwkrg ri vhohfwlqj uhjxodwruv gxulqj rxu wlph shulrg1 Wkh uhvxowv duh qrw vhqvlwlyh
wr grlqj wklv1
56pruh rog shrsoh lq wkhp kdyh kljkhu hohfwulflw| sulfhv1 Wkhvh hhfwv fdq eh
lqwhusuhwhg dv uh hfwlqj vwdwh vshflf ghpdqg frqglwlrqv1
Li rqh orrnv dw dq lqgh{ ri irvvlo ixho sulfhv ryhu rxu gdwd shulrg/ wklqjv
idoo lqwr wkuhh idluo| glvwlqfw shulrgv1 Wkh 4<93v vdz udwkhu vwdjqdqw sulfhv/
iroorzhg e| d shulrg ri ulvlqj sulfhv/ shdnlqj lq wkh plg 4<;3v vlqfh zkhq
qrplqdo lqsxw sulfhv kdyh ehhq idoolqj1 Iroorzlqj Mrvnrz +4<:7,/ zh orrn
wr vhh zkhwkhu wkh hhfw ri uhjxodwru| lqvwlwxwlrqv duh prvw dssduhqw lq wkh
plggoh shulrg1 Wkh uvw wkuhh froxpqv lq Wdeoh 8 jlyh wkh uhvxowv zkhq zh
vsolw wkh vdpsoh lqwr wkuhh vxe shulrgv  4<9309</ 4<:30;8 dqg 4<;80<:1 Wkh
uhvxowv duh frqvlvwhqw zlwk wkh lghd wkdw wkh pdlq shulrg gulylqj wkh uhvxowv lv
wkh plggoh shulrg ri rxu gdwd zkhq wkhuh zhuh elj fkdqjhv lq hqhuj| sulfhv1
Ryhudoo/ wkhvh uhvxowv frqup wkh lghd wkdw hohfwlqj sxeolf xwlolw| frpplv0
vlrqhuv ohdg wr uhjxodwru| rxwfrphv wkdw duh pruh idyrudeoh wr frqvxphuv1
Wklv zdv sduwlfxoduo| wuxh lq wkh wxuexohqw |hduv ri wkh 4<:3v zkhq irvvlo ixho
sulfhv zhuh uhshdwhgo| vkrfnhg e| lqwhuqdwlrqdo hyhqwv1
7 Glvfxvvlrq
Wkh deryh uhvxowv gr qrw whoo xv zkr lv sd|lqj iru orzhu sulfhv lq vwdwhv wkdw
hohfw wkhlu uhjxodwruv1 Lq wkh wkhruhwlfdo prgho/ orzhu sulfhv vlpso| vkliw uhqwv
iurp vkduhkroghuv wr frqvxphuv1 Lq wklv fdvh/ wkh zhoiduh frqfoxvlrqv ghshqg
xsrq wkh uhodwlyh zhljkwv wkdw duh sodfhg rq wkh sd|rv ri wkhvh wzr jurxsv1
Dvvxplqj wkdw wkh suredelolw| glvwulexwlrq ryhu sxeolf vshqglqj lv wkh vdph
xqghu erwk uhjlphv/ hohfwlqj xwlolw| frpplvvlrqhuv lv zhoiduh hqkdqflqj li dqg
rqo| li wklv uhqw wudqvihu lv ghvludeoh163
Krzhyhu/ lw lv olnho| wkdw orzhu sulfhv kdyh hhfwv rq rwkhu ghflvlrqv/
sduwlfxoduo| wkh ghflvlrq wr lqyhvw1 Lq wkh hduo| |hduv ri X1V1 xwlolw| uhjx0
odwlrq/ wkh qhjdwlyh hhfwv ri uhjxodwru srsxolvp rq lqfhqwlyhv wr lqyhvw zdv
dq delglqj frqfhuq +vhh Wurhvnhq +4<<:,,1 Lqghhg/ lq sduw/ wklv zdv ehklqg
wkh uhdvrq zk| wkh xwlolwlhv wkhpvhoyhv oreelhg lq idyru ri vwdwh ohyho xwlolw|
63Zlwk oree|lqj/ wkh suredelolw| glvwulexwlrq ryhu sxeolf vshqglqj pd| glhu dfurvv
uhjlphv1 Wr vhh wklv/ vxssrvh wkdw zlwk dssrlqwhg uhjxodwruv/ Sduw| D vhohfwv d w|sh
+O>F, jxehuqdwruldo fdqglgdwh dqg Sduw| E dw | s h+U>V,/ dqg zlwk hohfwhg uhjxodwruv/
Sduw| D vhohfwv d w|sh O jxehuqdwruldo fdqglgdwh dqg d w|sh F uhjxodwru/ zkloh Sduw| E
vhohfwv d w|sh U jxehuqdwruldo fdqglgdwh dqg d w|sh V uhjxodwru1 Wkhq/ vlqfh wkh oree|
zloo vxssruw Sduw| E*v jxehuqdwruldo fdqglgdwh lq wkh dssrlqwhg fdvh/ h{shfwhg sxeolf
vshqglqj zloo eh kljkhu zkhq uhjxodwruv duh hohfwhg1 Wklv pxvw eh wdnhq lqwr dffrxqw lq
wkh zhoiduh fdofxodwlrq1
57uhjxodwlrqv wr uhsodfh uhjxodwlrq dw wkh orfdo ohyho1 Rqfh d xwlolw| kdg vxqn
lwv fdslwdo/ lw zdv uholdqw rq wkh uhjxodwru wr doorz sulfhv frpphqvxudwh zlwk
hduqlqj dq dffhswdeoh udwh ri uhwxuq1 Orfdoo| dffrxqwdeoh uhjxodwruv zhuh
pruh olnho| wr eh whpswhg wr orzhu sulfhv lq rughu wr jdlq srsxodulw|1 Lq klv
vwxg| ri jdv frpsdqlhv/ Wurhvnhq +4<<:, revhuyhv wkdw vwdwh xwlolw| frp0
plvvlrqv khoshg orfdo jryhuqphqwv fuhgleo| frpplw wr uhdvrqdeoh uhjxodwru|
srolflhv1 Wklv pdgh lw hdvlhu iru flwlhv dqg wrzqv wr dwwudfw sulydwh fdslwdo1
Vwdwh uhjxodwlrq khoshg orfdo jryhuqphqwv frpplw ehfdxvh jdv frpsdqlhv
eholhyhg wkdw vwdwh uhjxodwruv zhuh pruh v|psdwkhwlf wr surgxfhuv wkdq zhuh
orfdo uhjxodwruv +sdjh <,1 Wklv eulqjv lqwr vkdus uholhi wkh srvvleoh glohppd
ri srsxolvw uhjxodwlrq lq d g|qdplf iudphzrun164
Vhuylfh uholdelolw| uhpdlqv dq lpsruwdqw frqfhuq ri uhjxodwruv lq wkh Xqlwhg
Vwdwhv1 Pruhryhu/ wkhuh lv d ihholqj wkdw wkhuh duh lpsruwdqw lqwhudfwlrqv
ehwzhhq sulfh uhjxodwlrq dqg vhuylfh txdolw| +vhh/ iru h{dpsoh Skloolsv +4<;;,
sdjh 83:,1 Wklv w|sh ri dujxphqw vxjjhvwv wkdw zh pljkw h{shfw wr vhh ohvv
lqyhvwphqw lq wkh hohfwulflw| qhwzrun lq vwdwhv wkdw hohfw wkhlu uhjxodwruv jlyhq
rxu qglqj wkdw sulfhv duh orzhu lq wkhvh vwdwhv1 Zkloh d ixoo0eorzq dqdo|vlv
ri lqyhvwphqw ghflvlrqv olhv eh|rqg wkh vfrsh ri wkh fxuuhqw sdshu/ zh duh
deoh wr jhw vrph hylghqfh rq wklv lvvxh/ e| orrnlqj wr vhh zkhwkhu vwdwhv
wkdw hohfw wkhlu uhjxodwruv dsshdu wr rhu d ohvv uholdeoh hohfwulflw| vhuylfh
wr wkhlu frqvxphuv1 Wr frqvlghu wklv/ zh rewdlqhg gdwd rq wkh qxpehu ri
srzhu lqwhuuxswlrqv h{shulhqfhg lq wkh Vwdwhv ehwzhhq 4<;7 dqg 4<<:1 Zh
xvh wkhvh gdwd wr lqyhvwljdwh zkhwkhu wkhuh lv dq| uhodwlrqvkls zlwk uhjxod0
wru vhohfwlrq phwkrgv1 Vlqfh wkh gdwd lq txhvwlrq duh frxqw gdwd/ zh xvh d
Srlvvrq uhjuhvvlrq prgho1
Wkh uhvxowv duh jlyhq lq Wdeoh 91 Lq wkh uvw froxpq/ zh lqfoxgh rqo|
|hdu gxpp| yduldeohv wr frqwuro iru frpprq vkrfnv wr uholdelolw| lq doo ri
wkh Vwdwhv1 Wkh uhvxowv vkrz wkdw wkhuh lv d vljqlfdqwo| kljkhu qxpehu
ri lqwhuuxswlrqv lq wkh Vwdwhv wkdw hohfw wkhlu uhjxodwruv1 Wklv uhvxow lv
urexvw wr frqwuroolqj iru wkh hfrqrplf dqg ghprjudsklf yduldeohv wkdw zh
lqfoxghg lq wkh uvw wdeohv1 Lw lv qrw/ krzhyhu/ urexvw wr doorzlqj iru udqgrp
hhfwv +froxpqv +6, dqg +7,,1 Ryhudoo/ wkhuh lv zhdn/ exw lqfrqfoxvlyh/
hylghqfh vxjjhvwlqj wkdw vwdwhv wkdw hohfw wkhlu xwlolw| frpplvvlrqhuv kdyh
juhdwhu qxpehuv ri lqwhuuxswlrqv1
Zh fdq dovr wu| wr phdvxuh wkh h{whqw wr zklfk vwdwhv duh uhvsrqvlyh wr
64Wkhvh krog0xs sureohp w|sh ri lvvxhv duh uhfrjql}hg lq wkh h{whqvlyh wkhruhwlfdo olwhu0
dwxuh rq uhjxodwlrq  vhh/ iru h{dpsoh/ wkh glvfxvvlrq lq Odrqw dqg Wluroh +4<<6,1
58sdvw srzhu lqwhuuxswlrqv1 Lq jhqhudo/ zh zrxog h{shfw vwdwhv wkdw kdyh h{0
shulhqfhg pruh srzhu sureohpv lq wkh sdvw wr pdnh d odujhu hruw wr lqyhvw
lq ixwxuh1 Krzhyhu/ zh zrxog h{shfw wkh lqfhqwlyh wr lqyhvw wr eh vpdoohu
lq vwdwhv wkdw hohfw wkhlu xwlolw| frpplvvlrqhuv1 Wr lqyhvwljdwh wklv/ zh fuh0
dwhg d yduldeoh wkdw phdvxuhv wkh sdvw vwrfn ri srzhu lqwhuuxswlrqv lq hdfk
vwdwh1 Zh wkhq hqwhuhg wklv lqwr rxu uhjuhvvlrq/ wklv wlph doorzlqj iru vwdwh
{hg hhfwv1 Krzhyhu/ zh doorzhg lw wdnh rq d glhuhqw frh!flhqw lq wkh
uhjuhvvlrq ghshqglqj rq zkhwkhu wkh vwdwh hohfwhg ru dssrlqwv lwv uhjxodwru|
frpplvvlrqhuv1 Wkh uhvxowv duh lq Wdeoh 9/ froxpq +8,1 Wklv vkrzv wkdw
vwdwhv wkdw dssrlqw wkhlu uhjxodwru| frpplvvlrqhuv duh pruh uhvsrqvlyh wr
sdvw srzhu lqwhuuxswlrqv wkdq wkrvh wkdw hohfw wkhp1 Wklv surylghv vrph
hylghqfh wkdw lqyhvwphqw lq txdolw| lv orzhu lq vwdwhv wkdw dssrlqw wkhlu uhj0
xodwruv1 Ryhudoo/ wklv vxjjhvwv wkdw d ixoo0eorzq zhoiduh dqdo|vlv vkrxog wdnh
lqwr frqvlghudwlrq wkh srvvlelolw| wkdw lqyhvwphqw uhvsrqgv wr wkh uhjlph iru
hohfwlqj uhjxodwruv165
Zh kdyh lqwhusuhwhg rxu uhvxowv dv uh hfwlqj wkh lpsruwdqfh ri wkh uxoh
iru wkh vhohfwlrq ri xwlolw| frpplvvlrqhuv1 Krzhyhu/ lw lv srvvleoh wkdw ehlqj
hohfwhg lv sur{|lqj iru rwkhu glphqvlrqv ri uhjxodwru| uxohv166 Lw lv lqwhuhvwlqj
wr qrwh wkdw Qdyduur +4<;5, qgv wkdw vwdwhv wkdw hohfw wkhlu uhjxodwruv vkrz
d pruh xqidyrudeoh uhjxodwru| folpdwh dffruglqj wr klv udqnlqjv ri vwdwhv
johdqhg iurp d qxpehu ri frpphufldo rujdql}dwlrqv1 Wklv lv frqvlvwhqw zlwk
rxu qglqjv dowkrxjk lw lv srvvleoh wkdw vwdwhv zlwk hohfwhg frpplvvlrqhuv dovr
kdyh vwurqjhu uhjxodwru| lqvwlwxwlrqv1 Krzhyhu/ orrnlqj dw wkh phdvxuhv iurp
Qruwrq +4<;8,/ wkh rqo| vwdwhv wkdw hohfwhg frpplvvlrqhuv lq klv vdpsoh zhuh
fodvvlhg dv zhdno| uhjxodwhg +Qruwrq +4<;8, Wdeoh 4,167 Jrupoh| +4<;4,
revhuyhv wkdw frqvxphu pryhphqwv duh pxfk pruh olnho| wr eh dfwlyh lq
vwdwhv zkhuh wkh sxeolf xwlolw| frpplvvlrqhu lv dssrlqwhg1
Wkh dqdo|vlv dvvxphv wkdw zkhwkhu d vwdwh hohfwv ru dssrlqwv lwv uhjxodwruv
lv h{rjhqrxv1 Hqgrjhqhlw| ri wklv nlqg ri lqvwlwxwlrqdo fkrlfh lv d sureohp
li vwdwhv pdnh wkhlu ghflvlrq lq uhvsrqvh wr xqrevhuydeohv wkdw dhfw sulflqj
65Odrqw dqg Wluroh +4<<6/ sdjh 435, vxjjhvwv wkdw wkh ohqjwk ri whup ri wkh uhjxodwruv
vkrxog dovr pdwwhu iru wkhlu delolw| wr frpplw dqg khqfh wr lqyhvwphqw lqfhqwlyhv1 Lq0
whudfwlqj wklv zlwk wkh sdvw vwrfn ri srzhu lqwhuuxswlrqv/ zh qg wkdw vwdwhv zlwk orqjhu
whupv gr dsshdu pruh uhvsrqvlyh dv wkhlu dqdo|vlv vxjjhvwv1
66Zkhq zh lqwhudfw frvw yduldeoh zlwk rwkhu yduldeohv lq Wdeoh 4 wkdw glhu dfurvv vwdwhv
wkdw hohfw dqg dssrlqw wkhlu sxeolf xwlolw| frpplvvlrqhuv/ wklv grhv qrw glvwxue wkh edvlf
qglqj suhvhqwhg lq wkdw wdeoh1
67Vhh dovr Frvwhoor +4<;7, Wdeoh :1
59ghflvlrqv ryhu hohfwulflw|1 Wkxv/ wkh idfw wkdw vrph vwdwhv vzlwfkhg lv qrw hyl0
ghqfh shu vh ri d sureohp1 Pruhryhu/ wkh uhvxowv lq wkh Dsshqgl{ wdeoh vkrz
wkdw wkh uhvxowv duh urexvw wr h{foxglqj wkh revhuydwlrqv iurp wkrvh vwdwhv
zkr vzlwfkhg gxulqj rxu gdwd shulrg1 Zkloh lghdoo|/ zh zrxog lqvwuxphqw iru
wkh lqvwlwxwlrqdo fkrlfh/ wkhuh lv qr qdwxudo lqvwuxphqwdo yduldeoh dydlodeoh lq
rxu frqwh{w1
Wkh dqdo|vlv uhsruwhg khuh grhv qrw h{sorlw rwkhu glphqvlrqv ri vwdwh uhj0
xodwru| srolf| vxfk dv wkh ohqjwk ri whupv vhuyhg e| frpplvvlrqhuv/ wkh ohyho
ri sd|phqw wr uhjxodwruv dqg wkh vrxufhv ri ixqglqj iru uhjxodwru| frpplv0
vlrqv1 Zkhq zh lqfoxghg vxfk yduldeohv lq wkh dqdo|vlv/ qr frqvlvwhqw sdwwhuq
lq uhodwlrq wr sulflqj ghflvlrqv hphujhg168 Krzhyhu/ fohduo| wkhuh lv ixuwkhu
zrun wr eh grqh rq wkhvh rwkhu dvshfwv ri uhjxodwru| ghflvlrqv1
8 Frqfoxglqj Frpphqwv
Wklv sdshu kdv lghqwlhg vrph wkhruhwlfdo dujxphqwv wkdw hohfwlqj uhjxodwruv
zloo ohdg wr pruh sur0frqvxphu uhjxodwruv1 Li uhjxodwruv duh dssrlqwhg/ wkh
w|sh ri uhjxodwru vhohfwhg lv pruh olnho| wr uh hfw wkh suhihuhqfhv ri sduw|
holwhv ru oree| jurxsv wkdq wkrvh ri wkh yrwhuv dw odujh1 Wklv lv ehfdxvh
uhjxodwlrq lv xqolnho| wr eh srolwlfdoo| vdolhqw lq jhqhudo hohfwlrqv1 Sduwlhv
fdq wkhq iroorz wkh qrq0pdmrulwduldq suhihuhqfhv ri wkhlu phpehuv ru vhoo
rxw wr oreelhv zlwkrxw idflqj dq hohfwrudo shqdow|1 Li uhjxodwruv duh hohfwhg/
wkhlu vwdqfh rq uhjxodwlrq lv wkh rqo| vdolhqw lvvxh vr wkdw wkh uhjxodwru lv
pruh olnho| wr eh ri wkh w|sh idyruhg e| wkh pdmrulw| ri flwl}hqv1 Hpslulfdo
vxssruw iru wkhvh dujxphqwv frphv iurp wkh sdshu*v qglqj wkdw vwdwhv wkdw
hohfw wkhlu uhjxodwru| frpplvvlrqhuv kdyh orzhu hohfwulflw| sulfhv dqg udlvh
sulfhv e| d orzhu dprxqw zkhq frvwv lqfuhdvh1
Wkhvh qglqjv kdyh vljqlfdqw lpsolfdwlrqv iru fkrrvlqj wkh dssursuldwh
vfrsh iru yrwlqj phfkdqlvpv lq ghwhuplqlqj srolflhv1 Li hohfwhg uhsuhvhqwd0
wlyhv pxvw ghflgh rq qxphurxv srolf| lvvxhv/ lw lv uhdvrqdeoh wr h{shfw wkdw
pdq| zloo qrw eh srolwlfdoo| vdolhqw1 Rxu dujxphqwv vxjjhvw wkdw vxfk lvvxhv
jlyh dq hqwuhh wr holwhv zlwklq sduwlhv dqg2ru oree| jurxsv1 E| vhsdudw0
lqj rxw wkhvh lvvxhv dqg gluhfwo| hohfwlqj srolf|0pdnhuv wr ghflgh rq wkhp/
68Zh dovr lqwhudfwhg rxu frvw yduldeohv zlwk rwkhu vwdwh fkdudfwhulvwlfv +h1j1 lqfrph dqg
srsxodwlrq, wkdw Wdeoh 4 uhyhdov duh glhuhqw lq wkh hohfwlqj dqg dssrlqwlqj vwdwhv1 Wklv
glg qrw glvwxue rxu edvlf uhvxow wkdw vwdwhv wkdw hohfw sxw xs sulfhv ohvv lq uhvsrqvh wr
irvvlo ixho sulfh vkrfnv1
5:flwl}hq srzhu fdq eh hqkdqfhg1 Zkloh wkhuh lv qr jhqhudo fodlp derxw wkh
zhoiduh lpsdfw ri vxfk fkdqjhv/ lw lv lpsruwdqw wr xqghuvwdqg wkh phfkdqlvpv
wkurxjk zklfk srolf| rxwfrphv fdq eh pdgh pruh frqjuxhqw zlwk flwl}hqv*
suhihuhqfhv1
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5<^45` Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ ^4<<9`/  Hohfwrudo Frpshwlwlrq
dqg Vshfldo Lqwhuhvw Srolwlfv/ U h y l h zr iH f r q r p l fV w x g l h v / 96+5,/ 5980
;91
^46` Kduulv/ Pdofrop F1/ dqg Shwhu Qdyduur/ ^4<;6`/ Grhv Hohfwlqj Sxeolf
Xwlolw| Frpplvvlrqhuv Eulqj Orzhu Hohfwulf UdwhvB Sxeolf Xwlolwlhv
Iruwqljkwo|/ 445 +vhsw1,/ 560;;1
^47` Mrvnrz/ Sdxo/ ^4<:7`/ Lq dwlrq dqg Hqylurqphqwdo Frqfhuq= Vwuxfwxudo
Fkdqjh lq wkh Surfhvv ri Sxeolf Xwlolw| Uhjxodwlrq/ Mrxuqdo ri Odz dqg
Hfrqrplfv/ 5<4065:1
^48` Mrvnrz/ Sdxo dqg Urjhu Qroo/ ^4<;4`/ Uhjxodwlrq lq Wkhru| dqg Sudf0
w l f h =D qR y h u y l h z / l qJ d u |I u r p p+ h g , /Vwxglhv lq Sxeolf Uhjxodwlrq/
Fdpeulgjh/ PD= PLW Suhvv1
^49` Mrvnrz/ Sdxo dqg Qdqf| Urvh/ ^4<;<`/ Wkh Hhfwv ri Hfrqrplf Uhjx0
odwlrq/ lq Ulfkdug Vfkpdohqvhh dqg Urehuw Zloolj +hgv,/ Kdqgerrn ri
Lqgxvwuldo Rujdql}dwlrq/ Dpvwhugdp= Qruwk Kroodqg1
^4:` Odrqw/ Mhdq0Mdftxhv/ ^4<<9`/ Lqgxvwuldo Srolf| dqg Srolwlfv/ Lqwhuqd0
wlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 47+4,/ 405:1
^4;` Odrqw/ Mhdq0Mdftxhv dqg Mhdq Wluroh/ ^4<<6`/ D Wkhru| ri Lqfhqwlyhv
lq Surfxuhphqw dqg Uhjxodwlrq/ Fdpeulgjh PD= PLW Suhvv1
^4<` Qdyduur/ Shwhu/ ^4<;5`/ Sxeolf Xwlolw| Frpplvvlrq Uhjxodwlrq= Shuiru0
pdqfh/ Ghwhuplqdqwv dqg Hqhuj| Srolf| Lpsdfwv/ Wkh Hqhuj| Mrxuqdo/
6+5,/ 44<046<1
^53` Qruwrq/ Vhwk Z1/ ^4<;8`/ Uhjxodwlrq dqg V|vwhpdwlf Ulvn= Wkh Fdvh
ri Hohfwulf Xwlolwlhv/ Mrxuqdo ri Odz dqg Hfrqrplfv/ 5;/ 9:409;91
^54` Rveruqh/ Pduwlq dqg Do Volylqvnl/ ^4<<9`/ D Prgho ri Srolwlfdo Frpsh0
wlwlrq zlwk Flwl}hq0Fdqglgdwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444/
980<91
^55` Show}pdq/ Vdp/ ^4<:9`/ Wrzdug d Pruh Jhqhudo Wkhru| ri Uhjxodwlrq/
Mrxuqdo ri Odz dqg Hfrqrplfv/ 4</ 5440731
63^56` Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql/ ^4<<<`/ Srolwlfdo Hfrqrplfv= H{0
sodlqlqj Hfrqrplf Srolf|/ errn pdqxvfulsw iruwkfrplqj iurp PLW
Suhvv1
^57` Skloolsv/ Fkduohv I1 Mu/ ^4<;;`/ Wkh Uhjxodwlrq ri Sxeolf Xwlolwlhv/D u 0
olqjwrq/ YD= Sxeolf Xwlolwlhv Uhsruwv/ Lqf1
^58` Sulphdx{/ Zdowhu dqg Sdwulfn Pdqq/ ^4<;9`/ Uhjxodwru Vhohfwlrq Phwk0
rgv dqg Hohfwulflw| Sulfhv/ Odqg Hfrqrplfv/ 96+4,/ 40461
^59` Vwljohu/ Jhrujh/ ^4<:4`/ Wkh Wkhru| ri Hfrqrplf Uhjxodwlrq/ Wkh Ehoo
Mrxuqdo ri Hfrqrplfv/ Vsulqj/ 60541
^5:` Vwljohu/ Jhrujh dqg F1 Iulhgodqg/ ^4<95`/ Zkdw wkh Uhjxodwruv Uhjx0
odwhB Wkh Fdvh ri Hohfwulflw|/ Mrxuqdo ri Odz dqg Hfrqrplfv/ 8/ 40491
^5;` Wurhvnhq/ Zhuqhu/ ^4<<:`/ Wkh Vrxufhv ri Sxeolf Rzqhuvkls= Klvwrul0
fdo Hylghqfh iurp wkh Jdv Lqgxvwu|/ Mrxuqdo ri Odz/ Hfrqrplfv dqg
Rujdql}dwlrq/ 46+4,/ 40581
^5<` Wxuyh|/ Udosk dqg Ghqqlv Dqghuvrq/ ^4<::`/ Hohfwulflw| Hfrqrplfv= Hv0
vd|v dqg Fdvh Vwxglhv/ Edowlpruh= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv1
649 Dsshqgl{
914 Surriv
S u r r ir iS u r s r v l w l r q5 =Zh zloo vkrz wkdw wkh jdph ghqhg e| wkh jxehu0
qdwruldo hohfwlrq zkhq wkh uhjxodwru lv dssrlqwhg kdv d xqltxh htxloleulxp lq
zklfk Sduw|  vhohfwv d fdqglgdwh ri w|sh Euc dqg Sduw|  df d q g l g d w hr i
w|sh E-c71 Wkh uvw srlqw wr qrwh lv wkdw/ iru Sduw| / wkh vwudwhj| Euc
vwulfwo| grplqdwhv doo lwv rwkhu vwudwhjlhv1 Lw vkrxog eh fohdu wkdw Euc
vwulfwo| grplqdwhv wkh vwudwhjlhv E-c7 dqg Euc7/ vr zh frqfhqwudwh rq wkh
frpsdulvrq ehwzhhq Euc dqg E-c1 Wkh rqo| qrq0reylrxv fdvh lv wkdw
lq zklfk Sduw|  l vf k r r v l q jdw | s hE-c7 fdqglgdwh1 Sduw| *v h{shfwhg










zkloh wkdw iurp fkrrvlqj d w|sh E-c fdqglgdwh lv
E￿  7`￿E}
WE-cR
WE nd  E￿  7o`￿E}
WE-cR
WE7
Vxewudfwlqj wkh odwwhu iurp wkh iruphu/ wkh glhuhqfh fdq eh h{suhvvhg dv=
E
u  







Wklv lv srvlwlyh e| Dvvxpswlrq 21
Lw iroorzv wkdw lq dq| htxloleulxp Sduw|  pxvw eh fkrrvlqj d w|sh Euc
fdqglgdwh1 Exw Sduw| *v ehvw uhvsrqvh wr d w|sh Euc fdqglgdwh lv fohduo|
wr fkrrvh d w|sh E-c7 fdqglgdwh1 Fkrrvlqj d w|sh E-c fdqglgdwh grhv
qrw hhfw lwv suredelolw| ri zlqqlqj/ exw uhgxfhv lwv sd|r iurp zlqqlqj/
zkloh fkrrvlqj d w|sh Euc7 fdqglgdwh erwk uhgxfhv lwv fkdqfhv ri zlqqlqj
dqg lwv sd|r iurp zlqqlqj1 THG
Surri ri Ohppd= Dv srlqwhg rxw lq irrwqrwh 49/ e E/c5WE/ ' f li
/ 
3E￿3>￿
> / e E/c5WE/ '  li / 
￿3>




2c5WE/ rwkhuzlvh1 Lw lv fohdu wkdw wkh uhvxow krogv li hlwkhu /f

3E￿3>￿
> ru li /￿ 
￿3>
> 1 Wkxv/ zh pd| dvvxph wkdw
3E￿3>￿
> 	/ f 	/ ￿ 	
￿3>
> 1
65Lw lv fohdu wkdw wkh uhvxow pxvw krog li 5WE/f  5WE/￿/v rz hp d |d v v x p h
wkdw f  5WE/f 	5 WE/￿
Iru doo / 5 d/fc/ ￿o/z hk d y hw k d w =
5
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WE/ : f
Qrz ghqh wkh vhw















Vlqfh wkh ixqfwlrq M kdv frqwlqxrxv ghulydwlyhv/ wklv vhw lv frpsdfw1 Ohwwlqj
/W '4 @   i/ G / 5 ljc lw lv fohdu wkdw 5WE/W'5WE/f dqg wkdw 5WE/ :
5WE/f  f iru doo / 5 E/Wc/￿o1 Lq dgglwlrq/ vlqfh /W  /f dqg 5WE/W'
5WE/f/z hk d y hw k d we E/Wc5WE/W  e E/fc5WE/f1 Wkxv/ lw vx!fhv
wr vkrz wkdw e E/￿c5WE/￿ : e E/Wc5WE/W1




















































































































Wklv lv srvlwlyh e| Dvvxpswlrq /l p s o | l q jw k d w lv lqfuhdvlqj rq E/Wc/ ￿o1
Lw iroorzv wkdw e E/￿c5WE/￿ : e E/Wc5WE/W dv uhtxluhg1 THG
Surri ri Sursrvlwlrq 7= Zh zloo vkrz wkdw dq| htxloleulxp ri wkh jdph
ghqhg e| wkh uhjxodwru hohfwlrq zkhq wkh uhjxodwru lv hohfwhg dqg wkh uhj0
xodwhg up fdq pdnh fdpsdljq frqwulexwlrqv/ lqyroyhv Sduw|  vhohfwlqj d
frqvxphu dqg Sduw|  vhohfwlqj d frqvxphu li wkh vwdwhg lqhtxdolw| krogv
dqg d vkduhkroghu li wkh uhyhuvh lqhtxdolw| krogv1 Vlqfh d fdqglgdwh*v sxe0
olf vshqglqj suhihuhqfhv duh luuhohydqw/ hdfk Sduw| hhfwlyho| kdv rqo| wzr
vwudwhjlhv> fkrrvlqj d frqvxphu ru d vkduhkroghu1 Qrwh uvw wkdw iru Sduw|
/ wkh vwudwhj| 7 lv vwulfwo| grplqdwhg e| wkh vwudwhj| 1 L wl vf o h d uw k d w
 vwulfwo| grplqdwhv 7 zkhq Sduw|  lv vhohfwlqj 1 Wkh qrq0reylrxv fdvh
lv wkdw lq zklfk Sduw|  lv fkrrvlqj d vkduhkroghu1 Iru li Sduw|  fkrrvhv
d frqvxphu/ wkhq zkloh lw lv pruh olnho| wr jhw lwv suhihuuhg srolf| rxwfrph/
lw zloo lqgxfh frvwo| uhqw vhhnlqj e| wkh uhjxodwhg up1 Sduw| *v h{shfwhg
sd|r iurp fkrrvlqj d fdqglgdwh ri w|sh  lv=
e E￿  7c5
WdoER
WEco n


















Vxewudfwlqj wkh odwwhu iurp wkh iruphu/ wkh glhuhqfh fdq eh h{suhvvhg dv=










67Wkh uhjxodwhg up*v h{shfwhg surwv lq htxloleulxp duh




dqg khqfh zh kdyh wkdw 5WE7 ￿  Ee E￿ 7c5WZERWE71W k x v /
wkh glhuhqfh lq wkh sd|rv iurp wkh wzr vwudwhjlhv/ lv dw ohdvw dv elj dv






Wklv lv srvlwlyh e| Dvvxpswlrq e1
Jlyhq wkdw Sduw|  zloo vhohfw d frqvxphu/ Sduw| *v sd|r iurp vh0
ohfwlqj d frqvxphu lv jlyhq e| oERWEc/ zkloh lwv sd|r iurp vhohfwlqj d
vkduhkroghu lv
e E￿  7c5
WdoER
WEco n











Vxewudfwlqj wkh odwwhu iurp wkh iruphu/ wkh glhuhqfh fdq eh h{suhvvhg dv










Wkxv/ li wkh lqhtxdolw| vwdwhg lq wkh sursrvlwlrq krogv/ Sduw|  vhohfwv d
frqvxphu1 Li wkh uhyhuvh lqhtxdolw| krogv/ lw vhohfwv d vkduhkroghu1 THG
Surri ri Sursrvlwlrq 8= Zh zloo vkrz wkdw/ li wkh vwdwhg lqhtxdolw| lv
vdwlvhg/ wkh htxloleulxp ri wkh jdph ghqhg e| wkh jxehuqdwruldo hohfwlrq
zkhq wkh uhjxodwru lv dssrlqwhg dqg wkh uhjxodwhg up fdq pdnh fdpsdljq
frqwulexwlrqv lqyroyhv Sduw|  vhohfwlqj d fdqglgdwh ri w|sh Euc7 dqg Sduw|
 d fdqglgdwh ri w|sh E-c71 Li wkh uhyhuvh lqhtxdolw| krogv/ wkh htxloleulxp
lqyroyhv Sduw|  vhohfwlqj d fdqglgdwh ri w|sh Euc dqg Sduw|  d fdqglgdwh
ri w|sh E-c71
Zh suryh wkh ghvluhg uhvxow yld d vhtxhqfh ri wkuhh fodlpv1 Wkh uvw ri
wkhvh frqfhuqv Sduw| *v ehvw uhvsrqvh1
Fodlp 4= Vhohfwlqj d fdqglgdwh ri w|sh E-c7 lv d ehvw uhvsrqvh iru Sduw|
 zkhq Sduw|  vhohfwv hlwkhu d fdqglgdwh ri w|sh Euc ru ri w|sh Euc71
Frqvlghu uvw wkh fdvh lq zklfk Sduw|  vhohfwv d fdqglgdwh ri w|sh Euc1
Lw lv reylrxv wkdw E-c7 |lhogv d kljkhu sd|r iru Sduw|  wkdq Euc vr
68zh irfxv rq vkrzlqj wkdw lw |lhogv d kljkhu sd|r wkdq E-c ru Euc7 Wkh





























Vxewudfwlqj wkh odwwhu iurp wkh iruphu dqg uhduudqjlqj/ |lhogv
EE
u  




























wkh glhuhqfh pd| eh zulwwhq dv
E5








Vlqfh wkh odwwhu whup lv srvlwlyh/ lw vx!fhv wr vkrz wkdw E5W  f1V l q f h
Ef ' f/ zh pd| dvvxph wkdw 5W : f1 Revhuyh wkdw rq wkh lqwhuydo dfc5Wo

￿E5'



























69Lw iroorzv wkdw E5 lv vwulfwo| frqfdyh rq wkh lqwhuydo dfc5Wo dqg khqfh wkdw





u ' @h}4@ ie E
-  
uc5ZER
WE7  5 G 5  fj
Wkxv/ vlqfh 5W : f/






























zklfk lq wxuq lpsolhv wkdw ￿E5W  f li {KE- 
b￿
￿￿7ZERWE7 Wkh odwwhu
lqhtxdolw| iroorzv iurp wkh dvvxpswlrq wkdw {KE-  {oE7 :
b￿
￿￿7ZERWE71
Wkh sd|r wr Sduw|  iurp vhohfwlqj Euc7 lv jlyhq e|=












Vxewudfwlqj wklv iurp wkh sd|r iurp vhohfwlqj E-c7/z hr e w d l q
E  e E
u  
-c5
W{KE-nEe E￿  7c5
















Wkh idfw wkdw ￿  7 : u  -/ lpsolhv/ e| wkh Ohppd/ wkdw e E￿ 
7c5WE￿  7 : e Eu  -c5WE-  u1 Lq dgglwlrq/















Wkhvh wzr idfwv lpso| wkdw wkh glhuhqfh lv srvlwlyh1
6:Qrz frqvlghu wkh fdvh lq zklfk Sduw|  vhohfwv d fdqglgdwh ri w|sh Euc71
Lw lv reylrxv wkdw E-c7 |lhogv d kljkhu sd|r iru Sduw|  wkdq Euc ru
Euc7/ vr zh qhhg rqo| fkhfn wkdw lw |lhogv d kljkhu sd|r wkdq E-c1L q
idfw/ wklv lv vwudljkwiruzdug1 Vhohfwlqj d w|sh E-c fdqglgdwh lqgxfhv wkh
oree| jurxs wr vxssruw Sduw| *v fdqglgdwh1 Wklv orzhuv wkh suredelolw| ri
Sduw|  dfklhylqj lwv suhihuuhg ohyho ri sxeolf vshqglqj dqg fuhdwhv frvwo|
uhqw0vhhnlqj1
Wkh vhfrqg fodlp frqfhuqv Sduw| *v ehvw uhvsrqvh1
Fodlp 5= Zkhq Sduw|  vhohfwv d fdqglgdwh ri w|sh E-c7/ vhohfwlqj d
fdqglgdwh ri w|sh Euc7 lv d ehvw uhvsrqvh iru Sduw|  li wkh lqhtxdolw| vwdwhg
lq wkh sursrvlwlrq krogv1 Li wkh uhyhuvh lqhtxdolw| krogv/ vhohfwlqj d fdqglgdwh
ri w|sh Euc lv d ehvw uhvsrqvh1




















































Li wkh lqhtxdolw| vwdwhg lq wkh sursrvlwlrq lv vdwlvhg/ wklv glhuhqfh lv srv0
lwlyh vr wkdw Euc7 grplqdwhv Euc1 Li wkh uhyhuvh lqhtxdolw| krogv/ Euc
grplqdwhv Euc71
Wr frpsohwh wkh surri ri wkh Fodlp zh qhhg wr vkrz wkdw li wkh vwdwhg
lqhtxdolw| lv vdwlvhg/ Euc7 dovr grplqdwhv E-c dqg E-c7/ zkloh li wkh
uhyhuvh lqhtxdolw| krogv/ Euc grplqdwhv E-c dqg E-c71L wl vf o h d uw k d w /
luuhvshfwlyh ri wkh lqhtxdolw|/ Euc7 dozd|v grplqdwhv E-c7 zkhq Sduw| 
lv fkrrvlqj E-c71 Lq dgglwlrq/ Dvvxpswlrq 8 lpsolhv wkdw Euc7 dozd|v
grplqdwhv E-c1 Wklv lpphgldwho| lpsolhv wkdw li wkh vwdwhg lqhtxdolw|
6;lv vdwlvhg/ Euc7 grplqdwhv E-c dqg E-c71 Lw dovr lpsolhv wkdw li wkh
uhyhuvh lqhtxdolw| krogv/ Euc grplqdwhv E-c dqg E-c7 vlqfh Euc
grplqdwhv Euc7 lq wklv vlwxdwlrq1
Wkh suhylrxv wzr fodlpv lpso| wkdw/ li wkh vwdwhg lqhtxdolw| lv vdwlvhg/
Sduw|  vhohfwlqj d fdqglgdwh ri w|sh Euc7 dqg Sduw|  df d q g l g d w hr iw | s h
E-c7 lv dq htxloleulxp1 Pruhryhu/ li wkh uhyhuvh lqhtxdolw| krogv/ Sduw| 
vhohfwlqj d fdqglgdwh ri w|sh Euc dqg Sduw|  d fdqglgdwh ri w|sh E-c7
lv dq htxloleulxp1 Wr frpsohwh wkh surri zh pxvw vkrz wkdw wkhuh duh qr
rwkhu htxloleuld1 Wklv zloo iroorz iurp rxu wklug dqg qdo fodlp1
Fodlp 6= Lq dq| htxloleulxp/ Sduw|  vhohfwv d ohiw0zlqj fdqglgdwh1
Ohw iE&￿c| ￿cE&￿c| ￿j eh dq htxloleulxp dqg vxssrvh/ wr wkh frqyhuvh/
wkdw &￿ ' -1 Wkhq wkhuh duh wzr srvvlelolwlhv= +l, &￿ ' &￿ ' - dqg +ll,
E&￿c& ￿'E -cu1 Frqvlghu srvvlelolw| +l,1 Lw pxvw eh wkh fdvh wkdw E|￿c| ￿'
Ec71L iE|￿c| ￿'E 7c7/w k h qS d u w | frxog lqfuhdvh lwv sd|r e| fkrrvlqj
dw | s hEuc7 fdqglgdwh> li E|￿c| ￿'E c/w k h qS d u w | frxog lqfuhdvh lwv
sd|r e| fkrrvlqj d w|sh Euc fdqglgdwh> dqg li E|￿c| ￿'E 7c wkhq
Sduw|  frxog lqfuhdvh lwv sd|r e| fkrrvlqj d w|sh E-c fdqglgdwh1 Wkxv/
Sduw| *v sd|r lv jlyhq e|
e E￿  7c5
W`￿E}
WE-cR



















Vxewudfwlqj wkh iruphu iurp wkh odwwhu dqg uhduudqjlqj/ zh rewdlq=
E
u  











Wklv lv srvlwlyh e| Dvvxpswlrq D lpso|lqj wkdw Sduw|  ehqhwv e| ghyldwlqj
w rdw | s hEuc7 fdqglgdwh 0 d frqwudglfwlrq1
Qrz frqvlghu srvvlelolw| +ll,1 Lw pxvw eh wkh fdvh wkdw E|￿c| ￿'E c71
Li E|￿c| ￿'E 7c7/w k h qS d u w | frxog lqfuhdvh lwv sd|r e| fkrrvlqj d w|sh
Euc7 fdqglgdwh> li E|￿c| ￿'E c/w k h qS d u w | frxog lqfuhdvh lwv sd|r
6<e| fkrrvlqj d w|sh Euc fdqglgdwh> dqg li E|￿c| ￿'E 7c wkhq Sduw| 
frxog lqfuhdvh lwv sd|r e| fkrrvlqj d w|sh Euc fdqglgdwh1 Wkxv/ Sduw|



































WE7  ￿ : f
Wkxv Sduw|  ehqhwv e| ghyldwlqj wr d w|sh Euc7 fdqglgdwh 0 d frqwudglf0
wlrq1
Fodlp 6 lpsolhv wkdw lq dq| htxloleulxp/ Sduw|  pxvw eh fkrrvlqj hlwkhu
dw | s hEuc fdqglgdwh ru d w|sh Euc7 fdqglgdwh1 Fodlp 4 wkhq lpsolhv
wkdw dq| htxloleulxp pxvw lqyroyh Sduw|  vhohfwlqj d w|sh E-c7 fdqglgdwh1
Exw wkhq Fodlp 5 lpsolhv wkdw dq| htxloleulxp lqyroyhv Sduw|  vhohfwlqj d
fdqglgdwh ri w|sh Euc7 li wkh lqhtxdolw| vwdwhg lq wkh sursrvlwlrq krogv dqg
d fdqglgdwh ri w|sh Euc li wkh uhyhuvh lqhtxdolw| krogv1 THG
73915 Gdwd
L1 Gdwd iru hohfwulf sulfhv/ hohfwulflw| jhqhudwlrq dqg ixho sulfhv duh gluhfwo|
froohfwhg ru fdofxodwhg iurp wkh HHL |hduerrnv1
4<9304<<5= Klvwrulfdo Vwdwlvwlfv ri wkh Hohfwulf Xwlolw| Lqgxvwu|/ 4<<8/ HHL/
Zdvklqjwrq G1F1
4<<604<<:= Vwdwlvwlfdo \hduerrn ri wkh Hohfwulf Xwlolw| Lqgxvwu|/ 4<<60
4<<:/ HHL/ Zdvklqjwrq G1F1
HHL uhihuv wr wkh vrxufh ri gdwd iru lwv |hduerrnv wr ydulrxv sodfhv lqfoxg0
lqj X1V1 Ghsduwphqw ri Hqhuj|/ Hqhuj| Lqirupdwlrq Dgplqlvwudwlrq/ Ihghudo
Srzhu Frpplvvlrq dqg Ihghudo Hqhuj| Uhjxodwru| Frpplvvlrq1
d, Hohfwulf Sulfhv iru Uhvlghqwldo/ Frpphufldo dqg Lqgxvwuldo Vhfwruv= HHL
uhsruwv dqqxdo uhyhqxhv +lq groodu whupv, dqg vdohv +lq nlorzdww0krxuv, ri
wrwdo hohfwulf xwlolw| lqgxvwu| e| vwdwh dqg fodvv ri vhuylfh1 Wkh sulfhv duh
fdofxodwhg iurp wkh uhyhqxhv dqg vdohv lq whupv ri grooduv shu nlorzdww0krxu1
Ehvlghv wkh wkuhh vhfwruv wkdw duh uhsruwhg khuh/ wkhuh duh irxu rwkhu vhfwruv
fdwhjrul}hg lq wkh HHL |hduerrnv= vwuhhw dqg kljkzd| oljkwlqj/ rwkhu sxeolf
dxwkrulwlhv/ udlourdgv dqg udlozd|v/ dqg lqwhughsduwphqwdo1 Wkh wkuhh vhfwruv
wdnh pruh wkdq <8 shufhqw ri wkh uhyhqxhv dqg vdohv wkurxjkrxw wkh |hduv1
e, Hohfwulf Jhqhudwlrq dqg Vrxufhv ri Hqhuj| iru Hohfwulf Jhqhudwlrq= HHL
uhsruwv wzr nlqgv ri euhdn0grzq ri hohfwulf jhqhudwlrq= +4, e| w|sh ri sulph
pryhu gulylqj wkh jhqhudwru dqg +5, e| hqhuj| vrxufh1 Wkh wrwdov iurp hdfk
glhuhqw euhdn0grzq duh frqvlvwhqw1 Zh kdyh xvhg wkh vhfrqg euhdn0grzq
khuh/ dqg lw frqvlvwv ri frdo/ ixho rlo/ jdv/ qxfohdu ixho/ dqg k|gur1 Wkhuh lv
rqh rwkhu vrxufh ri hqhuj| wkdw lv uhsruwhg wr HHL lv rwkhu zklfk lqfoxghv
jhqhudwlrq e| jhrwkhupdo/ zrrg/ zdvwh/ zlqg dqg vrodu1 Wkh jhqhudwlrq e|
rwkhu lv zlwklq 406 shufhqw ri wrwdo dqg dhfw rqo| d vpdoo qxpehu ri vwdwhv1
Jhqhudwlrq e| k|gur zdv lqlwldoo| uhsruwhg lq wkh uvw fdwhjru|/ w|sh ri
sulph pryhu/ exw iurp 4<;7 rqzdugv/ lw zdv uhsruwhg lq erwk fdwhjrulhv1 Rxu
gdwd iru k|gur iru 4<9304<;6 duh iurp wkh uvw fdwhjru|1 HHL frqvlvwhqwo|
uhsruwhg wkdw iru 4<9304<;6 wkh wrwdo jhqhudwlrq lq wkh vhfrqg fdwhjru| lv
vpdoohu wkdq wkh rqh lq wkh uvw fdwhjru| e| wkh dprxqw ri k|gur1 Dv
phqwlrqhg hduolhu/ ehfdxvh ri wkh rwkhu wkh wrwdo jhqhudwlrq lv qrw htxdo wr
wkh vxp ri wkh jhqhudwlrq e| glhuhqw vrxufhv lq d ihz vwdwhv1 Doo ydoxhv ohvv
wkdq yh kxqguhg wkrxvdqg nlorzdww0krxuv duh uhfrughg dv }hur/ dv wkh| duh
uhsruwhg eodqn lq HHL gdwd1
LL1 Gdwd rq sulfhv ri irvvlo ixhov uhsruwhg lq nlorzdww krxuv fdph iurp wkh
Hqhuj| Lqirupdwlrq Dgplqlvwudwlrq/ Dqqxdo Hqhuj| Uhylhz/ 4<<;/ Wdeoh
74614 dqg ghqrwhg lq grooduv shu Eulwlvk Wkhupdo Xqlw +EWX, dydlodeoh dw
kwws=22zzz1hld1grh1jry2hphx2dhu2qdqfh1kwpo1 Wr frqvwuxfw wkh irvvlo ixho
frvw lqgh{ iru vwdwh  lq |hdu |/o h wr￿￿| eh wkh vkduh ri hqhuj| vrxufh  lq




LLL1 Gdwd iru frpplvvlrqhuv duh iurp wkh vwdwh |hduerrnv1
4<9304<<:= Wkh Errn ri wkh Vwdwhv/ 4<9304<<:/ Frxqflo ri Vwdwh Jryhuq0
phqwv/ Oh{lqjwrq/ N\1 Wkhuh duh vhyhq phwkrgv ri vhohfwlqj frpplvvlrqhuv
lq rxu gdwd1 +Wkh sursruwlrq ri revhuydwlrqv lq hdfk fdwhjru| duh jlyhq lq
sduhqwkhvhv1,
41 Gluhfw hohfwlrq +59146(,
51 Dssrlqwhg e| Jryhuqru +4<145(,
61 Dssrlqwhg e| Jryhuqru zlwk frqupdwlrq e| wkh Vhqdwh +781;;(,
71 Dssrlqwhg e| Jryhuqru zlwk frqupdwlrq e| h{hfxwlyh frxqflo +51;8(,
81 Dssrlqwhg e| Jryhuqru zlwk dssurydo e| ohjlvodwxuh +5153(,
91 Vhohfwhg e| jhqhudo dvvhpeo| +3199(,
:1 Vhohfwhg e| Ohjlvodwxuh +613:(,
LY Wkh gdwd rq srzhu vxsso| sureohpv frph iurp wkh Glvwxuedqfh Dqdo|vlv
Zrunlqj Jurxs gdwd edvh ri wkh Qdwlrqdo Hohfwulflw| Uholdelolw| Frxqflo dqg
lv dydlodeoh dw kwws=2zzz1qhuf1ruj iru doo srzhu sureohpv qrwlhg wr wkh
Ghsduwphqw ri Hqhuj| vlqfh 4<;71 Wkh| fodvvli| sureohpv lq wkh iroorzlqj
fdwhjrulhv= lqwhuuxswlrqv/ yrowdjh uhgxfwlrqv/ sxeolf dsshdov/ ordg uhgxfwlrqv
dqg xqxvxdo rffxuuhqfhv1 Iru hdfk hyhqw/ zh frghg zklfk vwdwhv zhuh dhfwhg
d q gl qz k l f k| h d u 1
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States that Elect Public
Utility Commissioners
States that switched
































Number of states 34 11 5
See the data Appendix for source and definitions of variables. 
 A‘*’ denotes statistically significant
difference between states that appoint and select at 5% significance level. Data for Hawaii and Alaska
begin in 1963. The data on power interruptions is available only for 1984-1997.2

























2 0.10 0.05 0.06
Implied % price
reduction in states that
elect their public utility
commissioners
-13.39 -8.91 -13.11
See the data appendix for sources and definitions of variables.  All regressions use robust standard
errors. Absolute values of t-statistics are in parentheses.
Table 3:  Difference-in-difference
Before 1970 1970-1985 Difference
Appoint 2.5 4.7 2.2 Residential
Price per kilowatt hour
(cents)
Elect 2.2 3.7 1.5
Appoint 2.3 4.5 2.2 Commercial
Price per kilowatt hour
(cents)
Elect 2.2 3.8 1.6
Appoint 1.1 3.1 2.0 Industrial
Price per kilowatt hour
(cents)
Elect 1.0 2.6 1.6
In each case, there is no significant difference between appointing and electing before 1970.  The
difference is statistically significant in the period 1970-85.3

















































































































State Effects Yes Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes Yes
Number of
Observations
1769 1769 1769 1694 1694 1694
R
2 0.98 0.98 0.99 0.99 0.98 0.99
See the data appendix for sources and definitions of variables.  All regressions use robust standard
errors. Absolute values of t-statistics are in parentheses.4

















































































State Effects Yes Yes Yes
Year Effects Yes Yes Yes
See the data appendix for sources and definitions of variables.  All regressions use robust standard
errors. Absolute values of t-statistics are in parentheses.5
 Table 6:  Effects on Power Interruptions




















































































Year Effects Yes Yes Yes Yes Yes
Random Effects No No Yes Yes No
F i x e d  E f f e c t s N oN oN oN oY e s
Number of
Observations
700 650 700 650 550
Pseudo R
2 0.05 0.06 - - 0.35
See the data appendix for sources and definitions of variables.  All regressions use robust standard
errors. Absolute values of z-statistics are in parentheses.6

















































































































State Effects Yes Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes Yes
Number of
Observations
1589 1589 1589 1519 1519 1519
R
2 0.98 0.98 0.99 0.99 0.98 0.997
year
 mrpk  mcost
 ffcomp








 merpk  marpk






Figure 2: Mean Residential Prices over Time9
Appendix Table 2
List of States
Elect: AL, AZ, GA, LA, MS, MT, ND, NE, OK, SD, TN
Appoint: AK, AR, CA, CO, CT, DE, HI, ID IL, IN, KS, KY,
MA, MD, ME, MI, MO, NC, NH, NJ, NM, NV,
NY, OH, OR, PA, RI, VT, WA, WI, WY, WV
Switch: FL, IA, MN, SC, TX
Note: -      Florida switched from elect to appoint in 1981
-  Iowa switched to an election system for 1962&3 only
-  Minnesota used election 1960-71, appointing 1972-5 and electing from 1976-77 and
appointment since 1978
-  South Carolina switched to an election system in 1996
-  Texas switched to an appointment system in 1977